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itBjis8iBi&fif Of lisofiidri mtmm ewBs^mnmn AW ^ 
»f 
Asmm iimAi matrnt 
A tttosis •ttbis|«t«e.J$ tike aU^&wh ^liiliis OBlvetsify 
A 1 9^^^  
^ T f t 6 \9^« 
fV i l l l iMt to Cf* K« ^ St i f i i l lo t ilNi i i90«t t l« i nf «l|yii 
f»«^l«i i»d f«t i l « iil4«S6tt isd it«l^f«l 4 | i« i t i l« i i i 
tkf»tgi««t ttit f««tt» of l& l i tos«tf«llt 
9mUm*^ lftlet«ft In tills ifoti^ 
ijt99U i | i t t« tftseft 3itt%ii« Hm$^ ittteatiH 
€«i«f«i ff<Mi^f» 9«til«jrt im $mitiHm ^mt^mBf^^HwftHm 
X« «ii« l » i t iltti i « t tfti t * t i t t tutftti «f« ilM 
Ift Oelttriltif dfufiti ^^imHn^^n f«r ytovldltg ii« • v»itttr«k 
<)1W $>^ Uu9iDL| tH7* f A* t* CHvUmj > 
iSi^> 
tmm m cmmnm 
IS* Bwnmmmikh fmmmm lo 
A* fitutron §mwm to 
S« f»f f9t i 13 
8# h$%lwM%im ftnalyiii IS 
lii , twummnuh msmm ^ 2T 
A* ««leittatios end tet i t l f i «f «?08s»«eetl08 ft«aiBt«P«ittf 27 
S« |}|6«ft«sldii 111 rotalis 6» 
A. statii t lsoi %hmm ^  ^ ' 
C# taint Of 3 75 
D« C&eefc «l s i i t f l i t lesi tbQdtir T7 
B* Ci«oi||»teetloii v i^lttos talsoa Sow %im caleulaftdB of 3 . 7d 
V, ifotsaie c!K»ss*sifcfifm mnm ^ ^ 07 
A* Isemeyle «to»s«soetiott tatio rfgetsropitfit 87 
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€< Cstgalstlotsi dlicl 3f@fl)}tg 94 
©» IsaB*©rlq r»t|© title 94 
E* Siii^ if^ ir mp0Mmm of (K. aad "^ • 117 
^Iv/ 
mm%m «iia ftil I t l^ #i f t t f t l i»oiq»t#<t niift • i^itot^wtiltlplitt 
ttt^« ««?• «•«« «• ttm <l«t«ft»«if £i i l | i wftf l i « «t»tt«f««%t»ii 
fftt l*t ir«f« • ! •« w#«tiifidl Iftf •%#«« 19 «af«i* 
In tut • i^f«ti l«9 « l isftiifft « t » t t * i 0 6 t l ^ #H«liittf ItttM %1N> 
• ts t l f l le f t i ttei«f|r» a |]Mifiii»«itv 3 . w*§ iMile«l4it«^ fot 14 
«fts«i $wm A^ OSI tj» il*^S« tli« |^»i»ii««tt 3 i i «^«*^ t« ^iL-nfV 
irft«ft t ftitf If- ««« I N &f«fd0« tfttit«« #1 l«v«l i9»il»t titd 
IHi ft#li|ld8i fl^llkt t$t9tiitlfiS|p» trUlftli ty« slio taotri »# 
t«ifii9«e# patfktitttti* f&• f«f9iii«««t 3 ttsloiitti«tf In | M # 
m f I t » i tim s«t» «»«f0jr <if Aft«l|#ttt ii««tf»s«« Baqp«»ii»tsi«t 
:i9l«« of 2 oifd oliO Ofeltlilo Itom^low eoof j^r toiO»i««# j^ott* 
ittttoft* foSsot # i J5 OMoloo^ ilfm i#» ooofffjr tofoiiosto 
^afowttort ofo dttsot«4 ftf 3<jt>«» • tl»#it v&li^i of 3 woro 
mmpumH 9l«& valioo Of 3 oolooloto^t iwmt mo ototift loal 
iltooil' i ~S^) >« I I ftfto • tef l« | l«sl tuooijr lH>ldi good ot *Dif 
ottoi9f fftoo ti^jioloo o| taJ^ mm% h^ o<i«il to tko oolio of 
~3«w^ • f^ fOM t i i l i oof^tfliloit i t wot foood tbot l i gooov*! 
f totlotleol tHoOif lm%4M food ot %H$ m^WQf ms for o i l 
t i t o i of ooololit' 
Cy^ 
«eil|r ati»0 • it8il|t%li«»l mkdith is «»&|«ii tustlst mmw0m t f l M t t 
yatlftt w|#li tilt e@l«»lat«d_iiott»tte tatloit liiti»«im%i0ii sbett t N 
tftt iidiitm 9]i«i^ jr ^eeaa|e^«i wg i M f l t^ nrat^ t Hl^ itft? •it««sr t« 
tli« Irel^  f«$to»* »ti0tl8y in«fi>«ii«tt«i fostfi^ittlMi ii|»ti i«2 «£• i^wmi 
Id li« 9ii9eifti«<$ Willi %tm nm%mm§* tNi*« ftit9«l«t f^9«tt8iifi «9»ttl* 
Uttletti will f t i i l t IB %tm fdpsildft f t tft* iOftipo«t# eaelcn wltk 
iH^ ib ij^ lff it9|«f« fwm %im «o«s|rdtlfl6i #1 li}« tt9»«rlc erott«f«itl«i 
f f i i# 9% f»«fiNtl «stfi|l«ti t l i f f «»<! I «tV I t «nii «t»»«w«d iimi 
tfci f * | |« ^^ /^«^T l»ifetf«f wftli tilt Iseldftnt ievlfan «R«f9y« 
witb t1i« <txeit««lott mtfmf* ^9t %^9 wdiHl • i l t i ^ t i t r t ft«i« t# llitf 
I t 4i i««ii lti»* l» %U m$^ «f » t ^ <PK ?«tl«t ildnlr wltl tiw 
©itti^l' #1 iBftldiftt a*««f9tii wfcli* Ifi tiMi e»»t • ! i>*®* tia ! • * * * 
0 \ l i HMtlf %tm »§«!« St ^llfefttet ei^t^ltf tsfr l i f tr«» 
tlf«f«i§| 11910 l«v ^lia i t m§ filt^ f^imi tlmt %H •v«rcg« iiviitt 
f t 9$«iffi« mm <^l fvilttd i» t ^ «!»*#s6it8ti»s »f tut itifottitf 
»«6l««t l i eii# » fX««r tofylnir fitiiotlot #1 eiei^y* 
11 jBiii iiHii iilffii iiiBiM iirffe II Jilri 
ffio itQdjf ^£ ttifi fieotfds «Q^tttf« erofftoetioBi Hay* 
li««ii <if Istatatt to f a f i ie l i is b«oaiif« of I t t tolot Is tbt ttntfy 
0i tbo unoloav toaotioat tboofiot aadi Is rosofor ^etlfs^*^* Is tUs 
lost f«ir f«sti oiQ^otlttootf itavo Hoos poffofntil to Moasavo ttio «ai^ ^ 
tors Ofosa^tQCilosi lot tNif«iai as wall at I1I9I1 oaavfy naatyosf* 
l*a¥90 afROttst of oaptatt etoit^ioetloa dfata I t avaltablo for %h% 
tbainsal aoatvoss^ ^ liat In tJio &oV «a0»@ir roglos tiio altaatlos I t 
sot goodi S6oro la s t i l l a doeiosd fov ttoto aoearalo aitpeHRoatal 
data la tbo &#¥ mptgf teiglo»« 2s flan of tD« largo diaeropaseloi 
botiroos differost peossr|ifBO&ti_of t&o aano oaptaro orott<*taettOB*« 
nasy of tfto oldor vioasaff^ofiti maf,h% eoatldorad to be of t&o dosbt* 
fol satsfo* 0n %lm ot&or Itasd* a eroaslsgfol ooapariiloa of tim ox* 
forleeatal dista lyltft tlia titeorsr ta^alrot a largo anoaat of data* 
Sf a eettals tlioorf I t to tio tosto^ tt^ Qoaoral degroo of agroo* 
neat ^tiraos tka oxi^ ovSmaatal data aad Ifte t&oorjp for a largo aoiitiar 
of eaaat I t of ptim^wf lf!)}>ottaB0O ctEd sot t&o oxaet-agroofqoat Is 
f«» Isdlvldsal easoi» fiiorofore I t Is otsoatlal to measoro tbo oap* 
taro ero8a»teotloas Is t&e &af osetg^ ragloa for a largo ssf^ ber of 
oasoi* 
liostros eoi^titre ofo»a<»sectloss aro alto of Istotott to 
ttadjr tbo tboorlot of oletsost fonsattos Is tlto sslrorto * I t ba» 
liots prodletod thai olofiost bslldlsg raaotlost aro oostlssallf 
tatlsg j^laoo Is tl^ o start* Is tiio NglBlsg llgbtor olomostt aro 
prodaeod* Soatjr oloiiosts aro forr»od hf saeeostiro aastros oaptaro 
mi beta dees; ptoeesses* in t&ese theor le t 9t «l«psnt fovnat ioa^ 
I t !i8« Uses 883iii»@<! t t o t t0((»p@tata?0 l 8 the 6or« of t l ie t t a t t f 
wheft el«i!ient bo i td iag ptoeoss ta^dt plaeei i^oyre»po&d8 to QH o a e r ^ 
«f ii«iiltQfi ftl dboQf 10 k9Vm Sfte7ef0fe i f I s tet jr d t s a s t l d l to ksm 
the aoattoa oaptaro otost^sect ioas l a t f t i t oaei^jr raago to oodor* 
t toad el f i f t r l? t i io oloeopt ba i ld ia^ prooosses* 
l a t N p to ton t m.QtM oeptaro otOta«sootiof i i tiavo booa 
«roostt7oi l o r itoattos oo€ir0los of 24 feeV* ntioa a ta tge t aueloat 
ooptairoi a aoattoa I t @lfei r l i o to a oo^ponad &a«loas« f 1^ eoergf 
of oxe l ta t lo f i of oonpottad aaoloiis Iff oqaol to tbo ti lodlag eaorgjr of 
t i io aosttoo plm tbo l l a o t l e oaoi^ir of ttio laeldoat aootros* $ M i 
ooffipofiAd ntteleof sorpall;ir dooa^a t»; t&o oit isdloa of pvoi"pt gamc^ a 
toys to tito §wQm4 t ta tOt «;li|eti I s also tad loaot lvo l a post of t&o 
easot* Ono eon aeasafo %tm oaptare ovoas^sfictloa oltt to? by stadylag 
tHo ptoi ipt gastna tajrs o t by isoastirtag t l » tvtooot of lodaood a e t l * 
v l t y wblob i t to la tod d i t o o t l y ^ I t b tbo oaptaro otois*seet ioB* fbo 
l a t t o f liotbod of oro t8* i6et loa etoasafomoat Is ksowa as the ae t l va* 
t i oa method* 
f i ^ f o ato fovoval dranbaofts l » tbo f i r s t inetboi* F i r s t -
l y Oflo I s ihiqalrod to Isco^ tbo oomploto doeay se&oma opto aboat 9 
eov or so (oqoal to tbe binding energy of tho aoatroB)* fbo doeay 
sebonos are not i^ aotfo apto t b l s oxo l ta t loa energy* Soooadiy l a t b i s 
sotbod blgl^aorgy goismQ roys are given oat ttf tbo eoni^oaad noeleas 
irbleb reqalre a eonpl let^ed pa i r speetronotor to detoet t2^ ei!>« Also 
wboB one Is osing pbotoooatron eonree^tbls metbod ena not *lo ttsod* 
dtto to ti le largo baeft groaod of gapfta roys* 
Sbe ae t l ra t loB teebniqae Is very asefal* Sy t b l s teeb« 
nlqeo oao eao stady only tbose oaelel t?bleb oao bo act ivated and 
••'n' 9. 
XJ 
tMft is«&fttt«abl« ltf« Urns* ftm tlt$% •<!fOtt%ag« of %hH l««tol<|«« 
i t ihttt I t ! • Hfit mwnmtf u »•• sei^attlvtf Itoi^pts* On* ««» 
#6f»»irat# «ft9 sdUtftr a^» to otftev tioto^ot wltb %U INII^ f t t N 
iaif t i toi «iitf«t and «l^ doesF ied«Mt« tto teeotd nala atffaatsQa 
ol IHIa ffi«t&o<t i i «iiat #»« mn n§e fit* oarlilai ol tA« •tawaati as 
ttic %%w9m% natavtal* fliitta ate %ftta« ttable Itato^at el oiiriMt 
e** in*7m* 0*^ ce#04SJ.aa«! O*® <0»2Oil, tfca mt% anaadaai 
Itato^t 1$ «^^ • wftiaH «i atteoataita Basttofi aaptata wil l f Ifa o^^ 
aad 0^ ® t %i» «tabi« iaota^aa^ o^^ la liota aatita aad Its «atl Ufa 
I f a9«S taa* 0^^ wil l ftttva to i&dat 90 aofatai aaaaaaaita aaattaa 
«a9tttta $a t^odaea liata aatlta 0^ «^ D^ ® i t t»l|r <l*2% abatdatt aad 
I f t emtum «fois*aaoild2i I t 0*31 mh % tuafaloya iHa liata aatlt l t f 
at «iQr«a» ^tetaot Ift Htm Itvadiatad iBatavlel m i l ba alvaat aava* 
tt« mn tiiatafora ita oxldat as tim tatnat natarlal vUlaft ara a^B*'"* 
ally afdlla&la la tlia pm4m tatH* 
Fat tHata Itata^at wbltii daaaf tojr tfta awlsaloa af bata 
l^attlsiat an sod wladan ti^a aaaatat vat an»lafad to paasara tiNi 
lAdnaad aatlvltf^ aad Mow t&osa laotopas nHleli awlt gaana taya a 
pHotoealtlpllat taHa fitfead vltH a Ital <fl> ayyatal was asad to 
^Nrtaat %H 9^tsm aatltlty* 
te tiata asad a Sl»«8a aaattoa saataa* fMa aoayaa «lfat 
eaattoat af mn^mf ^ SEav*.rt aas a tptaad la tba aaattir 9t aaattoas 
af saatlf $ i(a¥« t l ^ si^ «aa aaattoa saataa totlaa ditiaaslaas 1*7 «« 
dltfiiatat aad 3*a asr telgitt vata olitalaad ftan t i t Bimiifta Atonla 
feitaataft Caetta ttowbsjrt So»toy# fha aaattaa flax fta« tla diffataat 
toataat was of tlia otdat of 10^ taottoas/sea^ 
Slia flax of tua aaatfoas at %tm plaaa of tHa I tvadlf 
tloa was oot itassatad dltoatlf« f ottaslo* lodlda was asad as tfca 
4 
•t88dav4 ftud %U9 wm%im 1^^^ l A f / l l^^% i»ito«« •roit»t«««llB* ^ ^ 
• I %h%n «Bt!e9f irtajltt&«e equal to 0*83 ft «•• eftotMi • • «li« t l« i#ttd 
ffisetliMiii l | « • «M|^ a?ft in* dliliit«0vatl«ii t«t« «f i tm»l« %k«i« 
«y«t««i«etli»8 I t «»ft»«eriii> wlift tftai of I^^^« «atf«v titt tMit 9«** 
»«tf|^t %HB t i t v«l«* 0f %im mttnmi» «ffoii»8«0ti<ii» «•» N «•!««• 
Isttd tMilir* I^^^ »ai seloetod at lltt •taa<!af4 ftaeaatt lodiaa I t 
I t wall fttam* St 
t i l %ka ta t t t tbe tsi^^lt to N il«^lt<l »at iaadwloiiad Hatvatt MM 
»ta«a«f# tai^lot « l poittslan lodldt* tlmi tfta, falao ot ibt toil* 
tfoa Urn m ftatii tilt t ld t t «f tlit ttR^lt vat «tattrtd t t i tftt 
«taii of tk t t t valtttt « t i ta t t t fov tUt ^stpott of t t l t t la t lo&i* 
I t t M t mqp wo Imtt ittasototf t ^ tottroii aotlvatlot etots^taetlott 
fay S6 isaat* 
Otiat oivarlnaatal vatota of Ct* / l raaatlot tfaat*^ 
iott lots at dl kit »a Haft tattaa t&a t t a t l t t l t a l tftaovjr of aaalaat 
i^attlona wiUtlt waa ^vopotad ftf f^oliatto^f aod Ma flitost^^ ^^ 
t f jraat |9d0» 
fUttt ato tpo aialii aassiittlott I t t N t t a t l t t l t a l 
tkeoi^ ot ntalaat feaotloiit* t ^ t a atam^tlota tyt <t) t&tt Boif 
plotato of eonpoaod aoelttt foynatlot llaldt 0todt (b) t i t t a I t 
Oftrlai^l^ltg of tita leviSt at tbt axtltatlot oatfof whora t&a 
toe^ottd Btttlatt I t foynot!* I t ttit ttV t t t fg f ttglot t i t f i t t t 
• i tm^t iot of t i t tottpoatd SQelaat foynatlat I t to»i^ltttl7 ftlltf» 
I f %H o t t f f r of ttio loaldaot ootttot I t Mf 1 (of t lo ovdtf of 
I ttiV #f to) tbo taeotd otaooptloa i t l l l Hold «ood bat tbo f I t t t 
t tat i^t lot of tbo easi^ otiod ooeliia fotHatlat vtf t t t bt t tv^ l t t t ly 
yalld 4ttt to a amall tottylbotiot of tbo tflratt lottfaatloa • 
flevoyof f I f tbo oaoi9F <>l ^ ^ looldaat aaatyoo I t t t i t l i aa I t 
%1m |^t«t«st ««t« tad I f tfmwit I t « $»Mi l» %%• «i«tfff 9t %H 
Bt«tyo8t» k«%& «li« •b«vt ftti«iii>tioBf fl iall h§ etm»lm%tlf vtl ld* 
flw iji>t«id I t tftt t to t f t t tntrgf iiti f t bt {^tttttt |k»t tttt tptt* 
lug «l tfet I tv t i t to tlitf nitty I t f t l t t t t txt l t td* I t o«r f v t i t t t 
i i t t t t r tn t t i of %h% t t o t f i t e i l e t f wt ktvt t t td St>*9t t t«|rot t t t re t 
kaflt9 t t tBtfgjr i^ttttd t f t t t t i f 3 NV* fk l t tprttd I t fittk lt»9«v 
fhtt tilt I t f t I tpt«ln0 t% tMt tttffff* tilt tpttttf. I t t i t ttttgy 
9i %H t t t t t t t t I t -lilt Sk«B# t t t f f t I t dit ttft CtiR^tot t t t t t t r l t f 
• f tkt gtfiiKt f t f i I t tbt ^tvjrUlwii t tttttrat tett%t?ltf I t %H 
tottttt I t t t l f t id totrtt^otdltg I t te ItotYtpIt d l t t t lb t l lo t^ ' I t 
tilt ttff lt • • 
Zt tkt ^ f t f t t t wtvk «t ktft tkttked kkt f t l ld l ty t f 
«k« ttttittieti tkttfir t i %4 ktv for t i l ly^tt tf ttt i t l* rtr ttit 
ptxpttt »t t i k t t l t t t t d tbt ta l t t t f wtattirtd t t f t t t t « y t i t * t t t t l t t 
I t tkt txipfttslot t f tkt t tp t t r t trott-seetlot • tb t t l i td from 
tkt t t t t l t t l t t l tbtttir^* I t tkt ts^vtfilot t f tkt etj^tttt t fpt t * 
f « t t l t t tb t t l t td fr t i i tkt t t t t l t t lo f i l tktovf tk t t t I t t f t t tw t t t t 
-1^ • Vt ktvt t tk t t tk i t utrtfitttr t t t t ttktoitt ytrltkltfitd 
ktrt e t l t t l t t t d I t t v t l t t f t f t i l tkt t tatt* 3 ! • t f t t l t t ^/iirr^* 
wktirt ty I t tkt ytdlt t let <rldtk tnd 0 I t tkt tvtragt vsltf t f 
tkt I t v t l «9ttl»0« fV vn^ ^ * ' • ttfptttttt ptrmtt t r t * t i^tirl i itt* 
t t l l y irtatttftd v t l t t t t f tkt t t ptytmtttrf t t t givtt I t r tptrt 
8Ni.*32S ttd I t t ttppltnttt^** * t ktyt t t td t k t t t . v t l t t t t f rV 
tad 8 ttd kttt tktt latd tkt v t l t t t f 3 ^ ' ^ tkt«* tk t t t tvt v t l t t t 
of "^ * <^uJ[^  ftom tkt t t t t l t t l t t i tkttyjr ttd 3ot»& f t t« tkt 
tatt tatet pttaiKattrt ii«w ton^artd to ekttk tkt vtlldltjr^tf tkt 
t t t t l t t l t t l Iktoyi^ t t tk I t ttttgyt I t « t t fttad tktt I t t i ttt t f 
tkt t t t t t t t a t l i t l ea l tkeoyf koldi gotd* 
• ' " r» f 
^hBO a iae^oi mmlQm ^o^tar^s o Itlocr nouiioia i t 
gives t i00 to oo 6«oitG^ mmlGm tsrlkieb ir^vefts to $bd groaod state 
• I f let. & mt^ shorn t iee C'^ 19 $m )« QotisoIJljr ^ f ^^e et^lesion o l 
gaisiici tssrs* I f ti idto ofs tw# lnw lir^ti^ I090U ^i%% s Istge 8{>1& 
Miiomneet tU^n emtk t^i %tim6 ties o eertQlu p»&fe»@&iUt:r o l bHnq 
^oi»iili)t@4 t)? tile 0Qtst9i! wof ^nuQQim* Bnati of tt^dse stotoa is Unmn 
OS t&# Isoisevie stote oii^ tlio fo l lQ oi th& i^o^aldtloB tor tb«90 
stotof i t prfitmiQ as tii@ gnomoHe or^ss^soetloii rat io* tiie stQdjr 
0I tlie Iftoeerlo &tos9*8oetloti t o t i a i s lotoifesttsg l o t aoddrstaod* 
100 tim ^Qtellfi 0f seeJost s t fwt i i f©* * • f^ Btndf ©I tlj© eross* 
sce t i t t im %tm pfoditctiot} o l t&e Isotsrerie f totss is ditfo <|Qlt« 
iiit0f0t%iitg f e t &ti€ f^@ttiDd&89 tjb# tfQositioQ ^mh^MUtim sod 
ta t vorioas ueoiosr modQls* Wmm t&a stadir of isowotie eirose* 
8eetl#ft to t ids ot tftoftsoi ©oo«©4$f Satoosiss osd Ooldftaber^^ 
iQtme^ n gQBi^oopiirlooi Fal# fo t evoo torg«t naelei* /i^eording 
to t i l l s tu le ttt® popQlatioo §£ t N ieot^Q^ie stQtey(el<isd to tbQ 
t}9wtom St tft@m»oi mat^im* I t Is tftstoforo <|tilt@ lf«i»ottant to) 
tost t W i rai© ct Uig&ot d89«tJ^ QS also* 
1?lt0 aplo dc{?@Qd#SQo o£ t&« D&olQsr lovel dangit? 
SI 
tiae boea ©ipyossad I B tfce fofo 
cfftsto [ 0 1 aod ^C0> e?9 ttt@ d^ositlee ©I t&o usoleor Idtrels at 
£l:^ od/^ aa0%tsr wlt& w^^ ^ c&d d ?osj^QOtl«el^t sad o^^ls a paranotef 
fifties datatalaos t&o s{>li3 dlstf i&atiot} ojf t&e la^el deasitjr* t^ aajf 
^6r6Qi'S^^*^^ltov© atttsptad t© ©fetela 0000 iD£orr?atlofi alioat ta© 
lei?©l doasltr poraoetor CTS* aolBOOoo aod taedanboscft^'* ^^e«r# 
nr g 
1^288 8 tOFtl@l6 nmi@u» 4npftvire9 a siotr a«ntroii i t 
(KlvGft rise to QB exeitdf! ottelens wHeh v#vertt to tba groaiK^ f ts t t 
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in 6 t t ty tbort tine i'^lQ see )» cotiislly bf t&e eplssloa el 
fam^a rasrs« I f t&ere ato t^o lo«; l^lag levels »it!i a lay^e spia 
(SiffQVeaee* thea eae& el* t&ete ties a eertala prebabiiity of beiag 
popolated by tbe q^vm® ta? eoseades* Saeb of tbese states is a^ewa 
99 tfte Isoperle state nai a,be ratio of tbe i>d^aidtioB for these 
spates is knmta as tbe Isomerle eross^seetloa ratio* file stadjr 
of tbe isoperie eross^seotloa ratio is ioterestiag for aoderstaad* 
ifl0 tbe details of aaelsRr straetare • &^e stadjr of tbe eross* 
seetioa for tbe prodaetlvn ol t&e Iso^^trlo states Is stlto qaite 
ieterestiag for aaderstatic l^ag tbe transition ^robabiiities aat! 
tbe vnrlotts saotear P0%lf* Froi** tbe stotfy of isofterie eross* 
seotSoa ratios at tberwai esergies Ratoosiaa aa^ * Goldbaber**^ 
fontte^ a seF^l^empirleal r t le far eves target naelel* Aeeorrfins 
to tbis rale th& ^lopalatiim of tbe isonevio state/elose to t&e 
or}f'^ ioaa<! aaeieas is fnvoared* fbis rale bas beea yarified by nsay 
t9orl:er$ at tberaal enatgim* H Is tborefore qalte it^portaot to) 
test tbis role at bigbar energies also* 
tbe spin (fo]^ i3Sdenoo of tbe aaolear level density 
2i 
bas hem eisj^ ressed In ttm lorri 
[Q} a f(0> (2S ^ I) e ^ Q* - la+D/a 0^2 j ( i , i ) 
where | Cll oad PiQ) are t^e doasltles of tbe aaclesr levels at 
fixed/y^eaox^y witb ©£>i» 4 enr! 0 respaotivelyt and o^ l^s a parameter 
wbieb r!etQrr«iaos tbe si^ ia rUstri^^otios of t&e level density* ^aay 
fror&er8^ '^*^^bave attempted to obtaio some icfarrstlon aboat the 
level dt^ Rslty perai^eter a\.» ilali£eO0a oat! f8«f^eaboseb^*''*^^ere 
•e f t 
atidni o^«| ofiiwt «ii«f0l«« w i l l bm f«)rjr Im^dtttut* 
In tik« j^t^iotti wetSr ltd tottt <^ al«ats%#<} t&» valitn 
f©ff i«»sltlir« t© %k» ^«t»fgt«f c>^#.^ ««d to i^nt whu% iwallaf®^** 
«<i!ij^ ati8d 8ttel«tti« fiia 0at§««lat c?vAi knmn «« taetaata vltk axel* 
tatSaa aeatnf'^i s»<! altaii^tt »t^ ffada Is Itiia watk far tfta eata 
of Sr^t Sk^ *^ * aad I»**S to flml tfta tata #1 iBataata of cvwltb 
asafsr* ^ ^ .. 
Aft^alay »o«ie]it«ii «f t ^ liia|deot aaatras affaatijl&a 
40»9f af ttta eaei^ attad aactlaai %& ttia laawiaH .^ ata«a£» A titatiwal 
aaaltaa la eaafldeira ta mtttf In &^  ansttlftt fffapiftttm at bar tNo 
i l a istt l ft i la Bpin* A$ t# t M f t tafratda lilgbaf aaargjr t« tba firaV 
teflatti aoQalsf panaatats #ofitftt}tttl«i> n&^n t m % i§ laaad |a N 
aisaeiata^ iflt& tlia aaatfass* vMalt f r i l l taaalt la t ^ latPatlas 
a l tlia iimp&m4 aaalaot ttitu ftlf ii mia atatai« fbaa ira aaael«<fa 
tm% tla^ratla al tut «?«$«*§aatlaat fat tlia ^todaatlaa al M^i 
f t l$ lia«»arla atata ta «£ia tatal araas^^iaatlaa far ^ati tha 
lge«©f4« atataa tD&ftl<t imtmm with Ifca pattlala aaarny^^*^^^^*?^ 
flia »aisa ^Ifaat im§ iraaa ol»iafva<l Is tlila tateitlgatlaa* 
8 
440, CI'ISIK 
a» A* fi« 141110 and ^* 8* tjritii « 9m§^ ?iipt* s«e» CLoiidoB)* A TOf 
S* B* i« Sttr&ids« • 6«fi» Sarbldse » ^tA^* F«»ief and f*n&f%e # 
§«f» lld<}« flijri** 2% m% (1957)* 
6* &• 9* ta« sad 6* H* Bmef « •!• tioat* fiaarg-yt 4* 179i C|9S1^ « 
7* 0lv«» i f a t t t i i * tftd Sai5eaiidi»0tt § 9hf9» tat*t lO^* M4» CI936)« 
3* €it»fi9Sf f Kaeklla » fiillat aad fl«il«t # tUft* 8at*f 122» 102* 
9* 6* IS. saUffiiu * Naeieat ^^jratest 2d« 23d« (1960) • 
10* i« !*• Kaatlls « ft* fi« i»asot m4 ^# S« l»fas • Pltytt ttat** I07f 
|S04« a937». 
I I * i* Soa*ii» i« i^ * BtiU aod «^ B« iia«eaaaor • Bkfu tav** I l3 i 236* 
a9S8l. 
I2« B« roaiitiaeli and V« r« ^altaftoj^ft ftijrf* Bat** 76» IS30» 11949)* 
|$* I * »• dlott and V* ?# ^aftds&dpft f!icor@%lQa^ Kaalaar Phyalat* 
^ll«r* »«« <^»t%t I9£ia* 
|4« f a i t aaattatt ^Urtiilta t t * I t * Sji^aYieaDtt aad tliaovf* <loka tfHaf 
# •o»i_Cl9$a)* 
IS* ii^oriveiitftl iaela&ir Fttytlat Val* I I * Sditad bjr t« S^ra* ^llay* 
nm Uwh a953K 
16* Nasttair ofass-a^alloaf* ^t*$29* saeosd aditloa* C|9S8> Qiid I ts 
•applavaat Si>* I* 11960)* 
9 
iQm Em Pe«ttbdt9 and i£* €* B»wmm% I'lijrt* B«v** ^ |07?t C1949>* 
19« &• 0f itajrftt* Ifhfu S@v*« t6i a2t Il9i0l 
20* 8* 0«f IfitttOf ion me i« e l^dftlQNfk Fftrt* 8«f*« IOd» 76&> Cl^d)« 
SI* a* A Bt«ft«* fityt* fi|»a» P&rtM «^ ^ i <I907I* 
C* SloeHi f lift* 8«v#t n% ld94« CI9S4)* 
32* C« f* fiili<fo&» J^b^* S«y*t I14« 17% (1959)* 
as* t* EflesoBf HiiQldat Pftrsiott II* 46| , <1939K 
a4i &* C« &eiigl«i ofid Si* il9t»dd&sl4t {jtneUa? Pb^tlet* I3» 392t <1959I* 
an* f* W« N«iifoB« Cait* #* Pli|Pi,« 34i S04« a936>* 
2<&» A* 6* l?« Csffiet9St €«!}» #• l?is;s#« 3dt |940» (|9$3)» 
at* ^* 8* Bati«»0a aod 8* faodeii&dselit fhf* 8«v*« iSOt S30S« C|9« )^« 
20* 4* S* BBisanga asd S« Vaoifeiib08i;lt t&iri* Sa?*» I20t i3l3» U9«0>* 
29* S*K* HaBgat aedl P« S .6 i l l ^ttelsat l^bysiatt 36* S42. (1962)* 
30* S* %* liliagal and P* S* Gilt Haalaar Ptij^sles* 4|» 372# a9d3}. 
31. It.Li. Sftiigal, P^ jra* eoy*i 123, f^t a962>» 
Si» H- §i?£>f<i4«5; W-1'^:fe4^^. aui^ 'P^^^j(iyl\a^f^^4:UaH.PUiic^jifi} (My ki^m)'-
33* C* f* 3|ilM|^ » ll«S* 1fo«a9lt and »^ 8« 8itl»efi0a« Naalaar Phyilet* 
m% Hi t <l96i)* 
34* 4* Satto, «t al« N«3l«sv ^ftfslest 67i 443« (I96S)* 
3S# 8* D* ttaafarlaaa* f l f t* B«v*« I2<W t74» <I963)4 
36* J*1|B9 asd J* 8* BBisQsgai fbf«» 8«f*t I23i 2dOi <|942)* 
37* 8. Msdar and 8«A. aaieei* PHys* S«f*t IHt 332i (1959)* 
10 
'ft* .JfiiiiMyBPKii SittiBjoyi, 
1 
til* dimmmitf Hi tt«tttfd» ji Qh9%% 37 ir««ft «go h%$ 
9p%0a 6 vtf f lisyotAttitt olidpi«t la »itele«it 9hf»it9* Sine* tN» maiif 
ii«QtroB ioiit««4ftaf« b«o» «)«<!• «iiii0 4i£f3?«iit it«ele«t t«ttelidiit« 
One of tli#i« r«aeft|oa* ;^  wHleli I t uttd to pwp4n09 ii««|t6at I t • 
C/fB) r«aetlo«« In %Hn %fp9 of tr«a«ttQii Qanns^  myt fYon tli« ^eeay 
of e radloaetite ltot4 |^>« tt|r« ttset! to Djd^t ii«titt08 fto» l lgHet 
9l*i!teBttft aseH • • 4«iit«?lii» end Ntjrlllsai « $&«§• »•««»<»» toiir«et 
at* ealied pbotoaaattdii soot^ti* 
Pliatftsaitiiraii s»tit«ai atia^ daateriiiii aad batylltaM 
vara l l t t t ptapavad hp Waltastiai^^* 2f tba aaatcry of tlia Qanma 
tafs fal i iag m %^ detilavtm ot batjrlllfiM I t Qfaatar ibaa tut 
aaatton bindlag ^sa^ft tfiaa ttta awlision at aaatvaaa fton tftaaa 
ataisaei^itl ta&a ^laeo* fitut l t . l t ttka tliwatHald asatgy af tua 
C/f s) taaetiaa «rbl«^ w i l l dateimlfia tiia elialea.^af tda vadioagtlva 
tatitea fat ^%wmn tairt* In ttta aatat of daataHtii aad iMiVfllliis 
tafoatt tfia ttiratbold oatfelat fat tfia c / t t ) taaetioaa ora 2*Id 
KaV aad 1*63 Mtif tatpaotlvatiF% tita ttitaakald anairsy fat. </»8) 
taaetloft la aaat af tfta atbar elafsaatt I t apptaxlnatalf wata tliaa 
6 ti«?« eatnsa tayt* ttavlatg aaafgf af tha ^t6&t af 1*6 at 2«a >^ af 
ata aatlly svalla&la Itais t ^ daoaf af t&a tadlaaatlta Itatapat* 
fNtafata a»» aan pmpQW% a pHataaaattatt taataa hf atlao dauta-
tliHi at ^at|FlII«0 wlt& a HQ^ aaafSjT oaeima taya aitlt%at* 
tottaabetg^ atad Sa^ t^ 6»5*, s,7a, $1,124 ^^^ |„140 
at tattftas af bl^it aaargir i^ffiea t»f9* Saplaylif tiiata tadlo^iaiiva 
11 
ll»«9«» 8ii«0gO» e9»&t» <3»»B2% SI>«B«| l««<»a«» Qsd l.««0gO« At tftttt 
aettttoii soafe«$ « l l l d0«8f fdlteirlfi^ tbe Imif l l f# of iii« gafms 
titf soii?e9t« ^at of %lie abutt ioateei §I>*S« pftotofiatiitda soarat 
Is if9tf iwp(^t%nn%t ieeoata t ^ bell U fa «l s&^S^ a»tf ti^ saa af 
ttia saitrea I t 60 Mf9* Oaa ia Ittit taasaa tli lt saavat ittt b«a« 
^attlaalatlir otalal m a saattao saaima fat aaptufa e«Qts<«iea%la« 
©aatortfsaatt^by t nwsft©? a| lutettl^atari^*** 
9liaa batfllltm i t banbartltd witft wioiiaaoai^atla 
$a«!«ia t tyt fyam S H ^ ^ »a»aafi«ffatla aetitrdat »ra ptodtiead* 
fka aoafsr af tht 8«ttirott is givao i^ jr %tm lallowliig fa lat la l i 
i + 8 <2a> 
s^ t B</* ^^^ ^ ^^ ® ^^ i^ aaaitaa an«tgj^  » 0ftf*«ns vty tsafgy tsd 
oeatvoit bltt<fl09 acatgr rej^aatlvolm 9 l l axprttsad la KtV* A I t 
tfta ataala walQ^t at tba taffat aaeleat* £ yapfttaBtt a ttBall 
tptaad la aaatyas auargy^ ^Mab wi l l dapaad t^oa tba asgle bat* 
»«t« laeldatii gaismft tQjr aa^ anltta^ aaatyaa^* 
t . E, Co.B [-^PKI^ ] (2*2) 
liaitaabairg meatttvad tba aaafgy af aaattoat imm 
SlH^ Ba taaireet hf iseasotlag tba neattaa iieattaring avata«aaetlaa 
for tifdrogao* Eaatgy of tb« saattaa ftow Sli*8a oaatyaa toavee 
eana a at la ba 24 t 13 leeV* 
. • 5 « ^ -
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seottofit (tslBg dlff#y«ni eetbodt* Snglitt and Bggtor^ itadied 
«tio fp^ottttm of ^lioionoatrons mt%h %tm bolp of eloni eliftn!ier# 
f i g . I siiows ffte spee%tum of noatyos ot soos bjr ilioii!« I t oppoatt 
fvon tUlii fl0ttr« t&at o sloglo 8«itt?o« gyot^ of oaovgy 3S t 10 
&oV I t pt«ieiit» I t iriif &lm ropoytod bjr tiioto worioys tbet tono 
peyoeiitago of t&o sontyoes hu6 H^Ht oaoyg^t In tlio ytngo of 
a 10 
^ t I I Sioir* B&mm o»d tobettt ot «t nettoy«d tbt oBovgy of 
ooittyoits %^ b9 M t n tseVt osd ao I 4 ft«V« yotpoetlvotjr* € i lp 
ood asBOfiRfiib iioesttyod t&o fooi^r «f sootyoiit hf o eofxparttlott 
of tiio to lo l emn$*9mtim9 tiossiiyod t»f ty»»iPltiloB motbod 
foy dif ftyoiit oloffi^nit «r|t& pyoyloaflf ftsowB eyott«teotloa f t loot 
ov«y « ytago of #ooyglQ«« Eoofsf^.Of oeatyoaa fyom S6«3o toayeo 
irat pot oloso to Z$ ^0 hf t& l i notHod. SeHRltt^^ otod ttio nottod 
of tyaatitlisloii of ndotfoo ffois n tpHoyloal akoll loadod wltfk 
ooylohod ft* « to liodssto tito eaefgjr of aootyoBt fyow Sb»do toayoa* 
the airofago enofgir of aootront was fooad to ho 24 t 2*2 ftoV« 
Ssoegy of aoottont m t^eeaofed h$ ttoto. layoatlgatoya boloaga 
to %hb Bootyooi pyodaeod by ioteato gaimoa ya/t of oaoygjr 1*692 
fiotr* ffteto I f aaotiiof ga t^sa ya; of eaoygf 2*044 tioV whioli glvat 
ytfo to a tooood saatydo gyot^^^ of 4*4 perooat la latoaalty 
iiaylog oaoygjr rv30O feoV* 
l a tlie py@fORt iioaeoyoiia&t of oa^tayo eyot f tee t loa t 
no otod Sh*3o ptiotoaoatyon aoayoe of dimoatioas* 1*7 on ^Inpotoy 
oad 3«a Ofs ^olfiit* r i g * 2 sl^owi,tiio sftapo aad also of t i i l t aoayeo* 
¥lioso ioayooi weto obtalaed fyon Sbabiia Atonlo Saaoayoli Gootyot 
$yoi9baf» dornbaf* fhe soatyoa £%m fyon tbo aoayeo was of tbo 
13 
0W6et 9i to* iteiityoit$/s&«* fbe enetqf of the »€»tr<»i> from this 
soatee was tsNit equal to 24 ItdV wltti a spread In doorgjr of 3 
tie%f ffoffi |tie resfiJltt &t ptevions wortets. fiid spread in •oergjr 
ot^  itie oeittydiis. Is dtie to C«) Copptos sostttreing of tils gsffiRS 
r ty Is btfrflllKSf ih) neattott so3tt«tlO0 In tft* soarce i t s e l f 
C#) 0fi islierofit efidtvi^ spread eorr^spoadinl to an itotropla 
distfii^otloR In SO9I0 d * 
g* JEftJKM>.la. < 
4f the notlyatloia toohalqse «as used to o^easiire 
the etoft'seetloes In Ihe ptesaat worK therefore I t «as sot 
essestial to ate ettflehed Isotopet* In this teehalqae ae elei^eat 
18 the neta l l le i^tm e&& he fised and a l l the vef^leaetlire lso« 
topes pvodttced In the reaotloii mn he distlagalshed with the 
help.ef their fespeetlve deeajr eortet asd half l l t e t * ^ot oaljr 
the iDotal nn6 i»etelllo pot^ der of the. eleitestt eao be seed hat^ 
the oxides acd eerboaoles of the ele««eat8 oaa also he esed^ 
beeaase oxrgea sad earboa do aot^glve aajr aet lvl t j i (beta or 
Qsema) to paSce aajr effor la thf measateiiieats* this Is the reasoa 
whjr fietal oxides were ased In ptost of the eases* 
the eleneats stadled In the preseat worK were obtained 
fron dfohason ^athey aod 6o»» i*td«f I'Ondont and had a parity better 
than 99«9Ji* ftf sabstoncei wbleh were In powder fore» were sand* 
witehed aniforply between two thin eellotapes* 9h# powder was 
enelreled within a thin perspex ring to hare a fixed and well 
defined area In a l l the eases* She thiettness.of the perspex ring 
In nest of the eases was approxipatnljr 0*5 mm and the dleneter 
arat 1*3 OP* the thle^ness and the Internal diameter pf the perspex 
riftQ W88 sot %H 9»me in nil t6« enset*. t t irat falfltd {!ep#8($lB9 
eneletti. iowmei bf |A» eo^tufe of 8$atroft9 in tltt tair^^t mstorial* 
fbln 96ii^l#f «r0f« ftftita «0 t0dtafi« fit« 0«lfi&ttt««flii9 df ttie_8«iityofii 
6Sd ttit at»tdf^%l08 of tttt low «ii«fffir t>«tas* Is tli« target f»at«vlttl* 
Bh*U§ |^&0t0]i0iitfi»ii fOQfuo* wet* ftoiftdf la *J& f««t 
gf«tifti$ flo9t# tUfi iii!»i»iaii08 tt8(f«r iiit«#tls«tloii »«• i«yroitii<^§4 
«» tidtit flit »i<3es &y,^ tl!i0 8t0Sit»»<l fmiiQirlsl nfd %hm tUfte ttnpl«i 
«««« plaeft^ 08 8 slsniistini itasd HAflrlf l«$ ifi«t»rf finm t&« floot 
«f t N foom* A lifH^Jiolloif ea^p^t nfUn&@w of ttlgfttly hig^or 
diopoto? ttoii %li« ««!i^i»i was {^ 1««6<) ovor %Ni toi^iot* Fvon lilt 
pl%« iiotitvoa sotttoo wos litoiitiH Into %bo ofllndor b^ tliirtail 9»d 
pttlloy atfangopoiii* Aft«r 9i««t»9 *!»• soiitoo ovov tbf ttt^i^let 
1ii}rQS9fc.>ko ejrIlBffen tti« ojrliiidot »ot ^iillod i^ bjr th« i^tttloy 
oty«80o«<«Kt« fHt. ooppot cfUn^^f ««8 «to<! oftlf to fctop t6« toateo 
•IwojTi at tiio t«po pldfo* flio plsoifs of tbo aottvoo tad tH r«» 
iKoval of %ti« ojrliadet woro doae ftovt oet aifff t6« tofm ao ta to 
fodaoa tlio affoot of tadiotlosa* Aftor o ftxo<S lyfadistioa tlftot 
d«pa»(f|09 apoB tHo aaisplo tiiidor atidf ttia aoareo ttaa Te«>ovod bjr 
tlio taeta^pallof tad t^food otraii0oitoiit and I t iraf dropod In t H 
plt« to fio&asta tiio aotlvttf tlte aonplaa woro l9tt**«dlatal|r tatoi 
Ittto aaotiiof rooar at tho l lvst ftoot* amaf iwtm tfta aoareg roop* 
fkla pyoeoaa of roftotiiig t!>o •oayoo ate* toolt hardly two mleataf* 
1 c; 
. O' 
f o r tbe sftoft l i ved «3ses of h^ii Hie ndar l f on* fffinat* or 30 
seeoBils* t&o estpotif^eQiQl §0% ep ^as j^lsood eeav the ioaree rooft* 
o&d thtt detoe^or ntBs nuwfum^pS by largo oi»oao% of t N losft to 
ro^tioe the baefi^  gronsii of ©OPPH rojfa* 
As i!$98||oi>o4 o a r l l o r iDo i r r o d i s t l o s of tl io s&pyles 
m&$ dono i n a roofr at t09'Oto^iooQtlo» ond pra«t l«o l l | r tberclwai 
no 8oot ter i»0 osd ett ioldiag p n t o r l o l 0007 tKe 8oareo«.f!io stood* 
oa tsftleti %tm mmplm on^ t&o oottroo »eeo ploood* «» • i^ ot^ o of 
t l i i o oleT><iiiliif)i di8o» A Hoio of tbo size of %he saf»plot to be 
l r fo4lated» was riodo c t tbo ootttre of tbo dlse* Oyor th i s ttolo 
tbe 8t»f*?les Qod t&o nootroo oootoe ^oro ploood* In t l i l t tfojr tho 
predooco of soot tor iHf and sb io ld isg t i a to r l o l sear ttio sottrea 
t?@8 tOdOOOd to 0 ftlnlPIRS* 
ffto oe t i vn t lo i i to^^ol^oe «ras used f o r %be woosoro* 
noat of eoptttro eroti;<*>80otlo»f« h» dosor lNd o a r l i o r whao a 
tsr0Ot oooless oo^tttifoa 0 aootfos I t §ivm r i so to a «onpotiBd 
oseldos sRtofe t ? | I l decay to t l ie groend^atate I n a r o r f short 
tlf!*e« S^ he prodoet osolotis 0&I0& I t foiNned m&f he s table or 
tadtoaet lve* Ae t l v^ t ios toehslqae of Roasoriag the eros8*8'>etioii 
eon he asod only In t.hoso eaaos whore thy prodeet asoleat forK*ed 
I s rad looot i re* there are t«o t^othods whieh are geaeral l j r ueeiS 
w i t h fieotrocs and otl^er ehorood pa r t i o las ao t l va t lon eross* 
sect ion «sea$oref*oot$» those ore &ao«pn^«8 the^absolate a»d the 
copparatlve ae t l vn t lon orots^seet lon fereasatement teehalqaes* x -
I s tho obaolttte method the I r r a d i a t i o n i t ^erforpod 
i n a aeotton f l m i of Itnoum Intc^nslty ea4 the t teasar^ent of the 
obsolete d ls la tegrQt lon ra te of the ao t l va t lon prodaot la roqalred* 
f^Hld 10 ib0 itpso of t^e eoR|»srdtlve tceliniqa«* stanrfard gaf^pl^i 
of «6rte»ts elimmts at® irt0di«i<^@d «lPtiltQ»eottJslj>' t^ltb tb« tpeei* 
f!i06 asfxple* Sb« a0«8f ol i&e etentfard sample i s lollotved In tb« 
taiNT 0«oi^etty asX^f tlit specstfen iai»pl«* In th* ^oiKpatatlte wethod 
of evos8*8oetio» f!Qas«if«me&t$ tolanivis peasttyeKi«iitt awn petfovntd* 
Stiltii p@ttod Is fiofe ons; 8»d olvos mote aeeoratt tft tslt tbas ttt« 
absoltttf teef>o|qit9* 
In lih9 pirosest lnvesiigatloD »« liatre ased eoi»>p8re-
five «»etftod« lit t i l tili0 «QSQ8 «tdS8*isiitloii «fks w#stur«d relet* 
lv« to 1*^^ whoa© «fO0s«tscUo# «S8 tslte© eqasl to 0»83 l i»r t«^l 
lodlae wes tolootod 00 tiio stoodtrd bocsaso If Is i^osolsotople* 
3*4 
I t s dooof SO&0180 sod oiTdss'Sootloo at 24 &oV ore very woll feoowa, 
Sbo toto of pfodttctloo of mf aetlvltjr has l^ ooo 
gitroii bf Siitiliisoii o»d t^wls*^**^* 
w K f 
It-, «» '^ Of) ©ft <JV =* ^ f ) '"'*"'";;'•'"•""*' (^^ t2*3/ 
Hero &n Is tlie rote of prodaetlon of tbo ootf aotlvltyt iavlin 
tho ooottoo flii«ii 00 Is the ni^t>or of ooolol In the torgo,t wote* 
r io l l ft l6 tbo ftoss of tfto olopoot lo grorsi A Is tho atopio 
«ol0lit of t&o elenooi; £ Is t N oboodoooo of tbe Isotope lo t&o 
tercet olotnontt O v i s tito ootlvotioo oro3s»«eetloo aod N Is tlie 
Avofodro*8 oofibor* 
If • spoelnoo.serple Is Irrofflated for tii«e t|« 
tboo,tfte dlslotofratloo tote of t&e radloaetlte aaolldos after 
0 tin© tg frow tlio sto;^ of tfc© lrra<*iatio» oaa fee expressed as*^ 
[•^j^ -t>^v>-3v\,<^^0'I^^»)i:^^5^ 
17 
««fft i0n/60^^ Is t^e aiiiiitefy«tli»it fat« of i N «ofi>9io dt^tlnd 
Ig m4 }\ iff tlie deea^ 0oosi8i)it t | is %ht lyvsillailoe tipe« t^ 
Is tb0 tlm« f««8Sttrod lroi« itif s«t»p «f tilt IrrstflQtloBi^ C I t tit* 
oN0f9«d eott»tlitg t&t^ at %ime t^ t O I t th« oter o i l gsomstyjr 
factor t ^ fftjr &tt €]^r6889(} as %h0 m%io e l tfts radlstloas pass* 
100 Into %hB eottster fo tii9 ta^lGtloss «f«ltt«^ bjr ttm 8«!istso««« 
vtbieh tiBt0 e9f»la0 t9«r@v<}s I N deteeloir* I f th« «oas«|»g vats I t 
itea^arfd ^ast attaf ttit slo^ at tba Irra^tiailoa Its* 1^ 2'* ^ • thatt 
from eqaalloos C2«4> and ia*lD i&a aaUvatlan evats^taetloa (TV t 
eaa h& wvlttaa as i 
^ = C^ w s fe ^0 CI --^^^'J) *'•** 
silag aq* (af3> ooa iistijr ^tKa 
C h 
OK ^ 
<2.?) 
(:Y\\S.; G, e WV r^  -^  C\ -"i.^"^r) 
Is ttie ebsalafta iteasarafpeat I t Is (9lffle«lt to 
mmnte the faatar %r>€* fftov<r|9r« t&a aatlf l t las of tHa spael* 
ffos tanploe asd tfte ptaadaf^ sanplas vera aoff^ared sanlar tfta 
saiKt gaoKiatrr to al lHaata tlia faotor <af>6« la aetael pvaatlaa 
two stoflflard fapi£»las ei potattlan lodl^a vara tafeaa* Oaa vat 
aliova t&a sa^f la aod tha otiiar btlm Ur. "TKu*^ iivt. 
l b 
tteiitiroii fittici (i)f>@ was eQle«l&t«a oit botk slif«t of %H tpdoipeii 
Itt a fet* easdti 6*9* 2»^« Br^» Sit^^ 8ii*®3 #t«* 
H^e t«itilt8»t ]fadioa«tA?« amHm was lef t Ift tft« srousd state 
dt iV0li (»s is tfte l l f s t exotted stai t . | I t!i« exeitetf t t t ts (fteay* 
direetl;f to tii« gtoaiid ftate ^i" t te Isor^erle trensitloHf tbs deetjr 
of ttis,,t9dl9«oll¥« »tt6l6i!i fif^ei tftft groosa t ts t * <!4«s 8«t follow 
tim iS^fle dco&f law* Que «os« of tb« isoip»«i?le 4%tnf ls# wbops 
tlie tt^pe? st&te i t iongor Ittod litos t&g lo!?«r stat»«* In saeii a 
esse ttse ditlotegrstloft fat« of the itonotie and ths stoima «t«to 
^ - 1 >'a'"*-/c >K.--Aa)"\ 
wft«f# »0 I f tlio total stnirber of sttolei pvosont in t^t tat^ot 
fratotisl« iM9) is^tiio flux of tbo aeiittofi at ttit j^laeo of iifta** 
diotlon of «lt« iompl®! (m/d%i^ mA tda/^tl^ «f« tkt aetl f i t ias 
of ttii oxelttd and t&# Qtooad statot r««p«tttiv«ljr* at tk* ttpo^ 
of tafDotai of tli« aarti^ le ftovi %tm aoattoa soataot t | is tbo tipa 
of Ivtadiatlos 1 «>vwx t v^wv t .^^i ao<J >• aro tita cross* 
saotlOB aad doeay ooastaats fot tlia oxoitod aod tlio Qroaad statas 
V3S|»eetiirel|r« 
fba otiiov oQso of isopevie daeajr is« wlteta tha appar 
stafo I t sHortat llvod t^as tlia lowar stata* Is saeli otsas eq« (3.%) 
i C 
r«f}8lft« tHe s«f<!«« hnt the m%ivl%$ of $ ^ QtouiKf s t a t * a f t « r 
18 
«oiipl«ttt Semy of t N tt^pet s ta to i t 0lvoo %ir 
f ^ j ^ =^  e•>^ V')'^ o C'^^-^^-S^C V-'^^'^^';^ (2.10) 
Hftfft Cdtt/dt|*ls %h% m%iH%$ ^^ ^ ^ f tonnd t t a t o a% t ^ «tw« of 
to i iOfs l of tfte soiaplo ffOiff %im ooiityoa so»t6« and o i l otbor 
tfmb&H 070 tbo 80190 do doflood lo..oq» <2»9I« 
$fto i M t i 0000 of loo»o?lo doooF I s tftat i s tvlileli 
i l io oxoitod ood %he $foitod s^otoi doooy oe l l t o l i r lodopooffootly* 
lo^toefc 0060S o e t l r l t l o f t of t iot l i i&o stoitot oro glvoa hf tho 
«e«io vo lo i loo 86 oirgifossod l o oq« (2»0>* 
l« %||a. ,$smilMi$%li < ^» €»^ wlBdoif boto ooootof t f t lolf tod by 
10 on of lood fvofi a U ttldoi was ssod to ootiBt i t io bota p s r i i o l o f 
In t&o 03800 mheim redlooot ivo t i i tolol «v»|t bota tod lo t ioas* tbo 
load WC0 m@i to dearoof^o ttto booS gtoaod ^oantt* f bo window 
tble&oets of tbe i»OQRtov o$od was 2»S f»0/o»^« $bo ooootor trat 
f i xod I& a pofs^oK i t osd aod tbo sbolroa woiro i^ ado la tbo ataad 
o t fl icad dl8toaoof» 3?bo ao^^los f o f atodjr wor# f i xod lo aa^^plo 
boldof asd vme bopt to a sbol f j o a t bolow tbo wladow of tbo 
boto eoaotoir* Sbo pos i t i on of tbo soi^glo botdor wat !^opt f I xod 
60 OS to ooblove tbo teptodoo^blo goonotvy* 
i b f t o boto po f t l e l oa .o f d i f f o roa t eod po ls t onorolot 
ato o» l t t od ittm tbo vadloaotlvo aaelolt tbo voapootlvo valooa 
MeV 
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i M t R C \ IN 
f^ "^ ? 5 THf .M/9SS ^BSORPJmN CO-Eff-ICItNJ5 
^GfttNST THt tND ENERGY Of SfT/J 
PLOT TED 
PfiRTICLES. 
2( 0 
«l«t ««?i iife<i» taltiag i»%Q a«o9«at tk« ptoj^nt bratt«iiiiig rat io 0f 
«te h9%» 9«»il«lea« Far •««& aatst tii« taJlia «f ^ 1B «q« <2«?> 
iiii«f« •« 1% • ««•• ara «l>« i^eraaataga af «&o brase&iag rat io i 
/^ i * .^^* / f / ' - •^*» t ra tiia ivast abaoriftios eoaffieieats respeetiveljr 
oortastioadiag to tHa •»€ ^olnt aaorgiaa of t ^ beta ^art ie lat t as4 
'4 ' ia %lia af leat iva dieta&aa travalia^ lijr tha &«ta gat t ietat !»€{ara 
hH»q aaasied* I | I t givan bjr tlie auff of %tm lollot^isg t 
la) wiedaiv t M o N M t i a l tita aosatfr (^ tliioftaaas &t tba eail«» 
tap« (al ialjT ti|afta^«f • ! tf^ aaft^lt* 
9« iNiasBfa tim f^ aaa a^aart^tl^n aoeff iaieatt of %!» 
M t a ^art ia lat of d i f iarest •a«rgl«i f i t « standard beta aoaraai 
w«fa tafee«. Pa^^Ca.SS te«V)i 8 | 2 i e a , l 7 l l t¥ ) | fi204<o.T05 liaV)| 
<;a^i0«3l li«9> sad C*^(a«l93 Kof)* fha aoaetiag rata of tiiata 
•aa^laa voro j^iottad is a Isaatiae «f tbielaaaa af aliimiaiwii 
i a i l f a i a tattilooavthple gra^lit fiia s i ^ a af tha carra to obta* 
iiiod at saro tyiOStaaas giv@t tim »»§« abaorptioa aoeffiaiaat* 
thm valaaa of pats abaori»tioa aoaffiaiaot naatarard la tu i t way 
ftata baott |»iattad rartat ibt •t^f •# tba bota j^artieiat as a 
lamlidgartbfiio gra^ft at abawa ia lig»S« fb i t aarta ia ia agroa* 
19 
t i t i t triib tba rasalis af t^a i^ratiaat war&art • Valaat af waaa 
abtofptloa eoaffiaiontt «ara tataa iw&m %Ht grapb* by axtra* 
polatiag tba straight Una far di f iarast aaergiat af tba bata 
l^artielss* 

e«oqd 49i»ttii • • a t wif pai nitoii^ t | iuM nim9& i sB | 9 ifias* •tit | f 
i i^S •iiMta%9a€s a^« Jt9^m • • 4 t t«^«^ 911%''^ % I t * ^ o f ^ d ftitf a«i»tttt 
••ie'^ *#<l» |o Off34 »%% 0ttf4iis«#ii 4q |>s« sd9anos ««M«0 p4»ii>«9tt 
|o «ii84%9»<79 •H% 6itr%f»r^ ^9 p*afef^e t»ai • 4 s 0 | | • ! ! « •••ffiaas* 
i9|t aSttsfi mt% iB94»A • • | d a » | G f | | » ftte^eftud *^% •«•%• t*&Ti *i««l 
•«iM«S'"4e|a9T%4ed tqt $9 ^99ii9%9^6 mi% ifm p»fp«%a BAaii 9m 9*9$ 
««Ii | |£ •«i«4t99<!8 9^% $9 •949 fef9« ^ f 94»«B9«ii 9% fa«|«fAa99 %99 
8 | If Jr«4 SiiMVft • « • a«i{% 91«tfi 949 9499% 9l9f{« t9t«9 9t9l{% « ! 
• • t l 4 0 a t f e a S 9 ^ % 9 4 9 0 mJL%9S6s &^% 4 9 p a » 9 9 4 9 X9%9% 9^% ^U9 
mm*^ t9M Mia4499d9 9tr« • I » I tktmaa 9 a e £^99 Bf 9499% 9 4 ^ A • 9 9 9 9 
i 94 9«i«B0 kn S^9)^g|t9 •(A»ai ltS)g8»lI *C*»*-X A»« fei P«« ^»* 
9«iMB§ p% 6l,S)coS*H •(*•« 0 M ) t H * 3 ' C ^ * ^'^'>£©*' ' **••• •^'** 
•9<MllOB 9M«I90 p 4 t | > a 9 t 9 0 9 f t t 9 | | O | 9 | | t 49^9«i94|9»<l« 9%% 9 t 9 4 4 r f 9 9 
• j l *99X9&'imml;tttm a 9 f |»aa04B :|SSI{ 9{{$ 9 9 a p 9 4 9% p 9 9 | | 0 (« | 0 1 
1% | p 9 p | 9 f ^ i BBM 4aff<*f%t'3****'%<^Q<^ *Vt i>a9 t«t9<iC49 l ^ f | 9 i%Bt9 
- 8 9 9 ll9|<iM {>999 9 9 ? % t l f f t a f 9 8 i f $ •4a«ll«ft f 9 9 * 9 4 d 9 pa9 4 9 | 9 9 * 9 
* 4 9 6 i f 9 B 9 f 4 0 f 9 9 9 f f a d f 9 0 0 9 ^ 9 9 1 0 8 1 1 9 • 4 9 | | | f d 4 i « 9 4 9 9 a | t B | 9 
B f 9 | B a 0 9 49|diiM»4999<^9 9 | |S *49%9M944.99^t « 9 t 9 9 T T f « a r 9 S | 9 t t 0 e 4 9 
9 f 0 a f « 9 0% 49f|fT<^«t994d 9 Q§B04q% p9$ 949I& 49ffdfffBttlOfO^t^ 9 l | f 
mo*} fSSfB^' 9^^ •*6%99%9p 9 99 p99B 9911 9^8% 49ff^|%|B<ii9999d 9 
f f l M p9fdtt09 | B | 9 i ( 4 9 | | £ > I 9 | I 9 •p9 i l |B09 94911 f 9 r 9 B a 9 A n 9 9 0 r p 6 4 
•<{% | 9 S a 9 f f e f p 9 4 B4iKii90 9^% 949qM S98B9 9%% 4 9 j 
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^^<^~' DETECTION EfPICIENCy OP Nal CAVST^L OF 
; f x / ' Slif WHEN SOURCE TO C/fYSTfiL DlSTt^NCE 
tt^^S ZERO. 
t>t«atttirttf a f t e r tQ^lug iBto steeoiiBt th% €o«>ptoe eontv ibvt ios of 
%tm gawps rsy t i f t f t ty hate #©#<& enei^i**^ 
fftd dlt l&te0»{>tl9i i t o t e t r i m a pa r t i es lay tttbstDsee 
I t gives t i^ 
ei»o{itlO0 f s t » 
I 
<Stt0Cli«fi ellidioacy 6 
0 i s tim ove ra l l faomottri'^faelKif* S>tie dotoet los dff ie iaaejr var ies 
w i tH tb9 ^notQf Qi t&0 0&Rms ra|^ tin6 the e rys ta l sise* I t I t eiepre* 
S0Oi5 as 
Her«t ' ^ I s ttie e f f ec t i ve potb .^§B0^^ of tfte gevw a^ t e j les ide 
ti ie er jFttal efi<S ^^u- I s t!te gat^e tojr eikserptles eoe f f ie iee t la 
H a l l t l ) erystet* deteetleo e f f io ieoey f e r e l«!iS iBe^ia«"ater Q»d 
1 ieeb loss eyyetal w&e e»i6alete<f fo|r,.e ^>eint toiiree* Flo* S 
8ho«t the ^eteet ie i i ef f ie ie&eF f o f gem>>» rajre 9f <f i f fereet e&etg* 
ies f o t ft ^o io t iottreo i o egnteet t t l t t i t&e eeetve of tbe top 
la f feee of ttie erjrit@l» Frop t M « iiQ^^w^i the deteetiea ef f ie leoey* 
1% » i»ae «eI«iaietedE f o t e l l tl)e gofvp^ a vajra eoaated i n d i f f e r e n t 
easef* 
there i f a inay i v^awn grebalit i l i t j r tha t a q^imn f f 
m&f get i » te f»a l l j r ^eaforted and ePita e i t l i e r S, L« or ts e leot reat* 
$&# fQ t ie of ttie saiil»er of eleettoas a^eated f ran a pa r t i ea l a r 
etoi!>ie i l i d l l f to ttie Btt^^er of nfiooafened gawpa r a f t ei^l t ted I t 
2'-
•ji«ll# fft» tiE^#f|tt§iii«l eoofttlsf fat* ««• iitiltlp)i#tf ftjr tli« fft«l«t 
CI 'I'cKiP i»i»«tg <^ f i t tit» t0«ftl lot«ts«t tosfurfloi •i»*tlfl«l«»t» 
tftf f9to9 #1 «6* |ii««tii9l i«9fettlo« •«» | | | « i * t t i lot tflffet«a% 
•iMilli wart fa&fii l t«» i&« tsl>le df S i l t •»<! 8«atf^. M 4 fe«B« ttti^« 
AH»f i t l« i « i t&* 9»aii» ta^t l« tkf tft^^Iat • • wall 
as i t %1m «li^lal«» to f t t «f fita tyjrttal ««§ iataa t«%« aaaoiait 
l i a t l i i l l a t mataat i« dltaati«^ Is atetlaa 8 CD at tlila elMf tat* 
t i a aatl»atlaa af ^wt^WM ia tfea aas»ay|«»aatal itaaaava* 
iiaat la tatr lnq^ortasi lifaaaaa I I latflaataa tmt fa t tka taaaiti 
at$ tallal»la« ffea aiEpatlwastal taaalla 9wt aftaa aafitf ta tatlljp 
aotta tiiaorlaa* f a t tl^a t»«tpa«>aa I t I t ataaatlal ta ftata aa l^aa 
%i atrat la t l ^ aio^atlnaatat tatalta* ^•t^ l i tka iallait|»0 law 
paraQtayta tta paaal^la §twfmt$ la t ta aiaafataftaat aa^ tNi aattaa* 
tiaaa aj»plla4 f§t tba atiiat katu Naa l l iaafaai t 
I* Sana atfat l i t ta naaastaiiaat maf fca latta^aaa^ fty 
tka a t ta t i i NiMflaat af t Ia alaattaala a^alpnaat* t a l i aaa »# 
tamota^ kjr ataMllalag t&a a^ialpaaat fat fa«v taata Ibafara aalag 
t t * 
3* I I t ta 9aa«att|p at %ht I t ta i lat laa aa4 tlia aaattl i f 
arttan la aat. tHa aa»a fat a l l tlia aaaaa I t « | l l lattaiaa* iana 
attat l« tta waaaataraat* fa tttfaaa t t ia •twtt tl»a tapfadaai^la 
faaMcttt vat a^aiaai bg taaflatf tta aawpl^ MMata alirajra at tba 
aama^plaaa la a fIxad paaltltt* fto tfv^w daa ta tuia faatay vat 
aatlwatad ta l>« ateat Mfh 
9* Cat ^im • N t» taaatat vat aiad ta naatara Hata 
c^~± 
Wf, t>f «»« bat. « , m t . r 1 , , » r . « . a » 3 ( ^ i i d . b « . . » . . tiM . » » t . 
i$0$0Stftd lif tbe bete deteetli^tt tetteltioft «»»t d«et«df ed t>£^ 2% tit 
by %tm beta 9oiift«#iN 
Cbl 2ti «»89 #&e ite&fafe!9eitt« iif «&« <ir«fi»t€etlos« 
are i!»g<!d by tbft i^tmtim of ^umia taytr « i t b a NsKsi) e fy i t« | t 
ih«B tiidst fif t&e betQ pe r i l e l e i 9 ball be abserbetf by 9l«»lBiW!t 
998190 9f tb9ll9tCfl> 9tF8t9l* ^9? tb9 bi0b 9B9f9i9l b9t9e addi*^ 
t l999 l 9bs9rb9r 9f {Keftpeir w9» pleeed 9f9r 9it9 evyttel* fb«i 
tb9 9yt9t i i 4m %9 tb9 9Q99tl9ti ^^ betftf | 9 gapp9 eonaUeg «9» 
990l90lbl9» 
4* ,&tf9tt tf!r0y 9 l i 9 b9 ittt¥9f!r999d l» tb9 9SUff8ti9tt 9f 
%W» %&%&% n9fib9V 9f aitelei prosefit to %^% 99npl9* tb i t f^ty be 
tfae to tbe iispetttlee pteiebt lb tbe 99*^ 1^9 9a if9iX S9 errer Is 
tbe i»9l0b|99« fbe e9««^l99 vt$te baring parity gif%9T t&99» 9^*9^ 
99(1 ibe «>9l0btiif !9@9 f9rf9fw9^ {^i9 99 aeeereey 9f 0*2 mg in 
l9« fb9r9l9f9 tbe dvefs l l «?f9t in BQ ties et%ipat9d ta b9 aboet 
f t Sbe pf999990 9f tbetmal aod • C 8 n 9 r 9 d ft99t999t 
m^$ I9«t9dtt99 tetlette 9fr9t9 b99a989 9&e e fe i i^ iee t l ee at lew 
ett9f9l9S 9f9 neite M^ii» In eet eaee »|tt99 tHe l»f9diaitottt 
W9r9 petfeimed 19 9 letge t99«i %% e ^9^999 I9e9tl99 aad tbe 
25 
of l.»t#<!ltt«ioi» wet aliit0i»| »•!«* fo «!)««% %h» i^ttf**** • ! aoy 
idotalftit* f1i# isii^s##ijiotlot_iR«iititfta tn *lilt wijr sgtMtf irltk 
I te * ii*t9«ysd ir||iHi9t m4m$m $oii««ltt«r* fk i t |»toy«d I N t» • • •« • 
«i ««tifaeir 9i^H%%m %lmm I l»« %&«• cur • f t« f €«$ t« iUit 
««§ te t f iwvll* l i iiOii #f i t e ««§«§ til* IttaitAattoa llw* «•• k«9t 
4|iilft ftiuli to #{^ %ftlft «ftMiii«i •etivltir* <f* ' * OK In tfc« « • • • • 
wlitt* tti« |fr«dlQtiOit ttiis »ai sesrlf ^ « l iata ftk« l u l l l i l t 
« | I N t9di#«etiy« Iii0lo^tt satofftiidii foytpt«%loi C l*«'*^^^J 
mm «p9ll«d* to <ife t^tl« tft* ««tiitl t e t l f i t f iBdi*«4 l» tii« tttn^iii, 
Si dlti«t>«d in •<i&tltiii <s«4l» 
?* t i t lit if llt^i 61 tfe* iio««pttt tiui •s«y9f • O ^ * 
tft^lftllillii &m tfe« l»ffti)eNiKI tatlist « l %%9 %9%» p»t%Ul99 m»f 
«l i# gmm^nm fOi»i «tr«y In «<»l®ttlttlsf ttm t i i t l t l t t t i v i t y of 
$!]# f«ifpl«i# tn i^ poyir #tfi»t ««# to t i t t i t piya»0toyi# toeost 
telllOf of tHo dOOOf flOHOINNI HOfO «ttOll# 
0 ffto,.fftiit« 01 tlio i»otf aUsOffitloo «o«fl|ol«at for koto 
pottlolof ood ^liNio t s f i io^ olto tlio volto of tto »ooa tHokotto 
fot oUtoi^tloii iiof 91*9 ill otfof Ift tli» folo« of 0 . fMo «oi 
ostlMoto^ to Ho otiotit 2 %* 
% In oddltioo to o i l %im obovo orvors tkofo » l l | b« 
i t t t t l t t ieol oftet In tHo ooootlos voto* t l i l t w i l l f04rr froii ooo 
taoo to o&otliet dof^ oedlOQ iMl^ oe tlio oo t l t l t ; tndoood lo ttw ooiiplot* 
n ^ 
U %, I^ H««tU» •% «l« f Hyt* i t f n 10ft SOi» ll*l$ll# 
4* i# «#»tlk •% t i t f l t f l * i f l f t t I l%i32% a ^ d l f 
$• f» Bt^ptl tad S* 8tttgfii|til* l^ lkytt^  t«t»f aSt #7i ( | f i l l « 
^ C« Kl l i te l l %w6 tt« atfirtnifttlli f lift* i«t#» ^% |80i» (I99i>« 
?« ^* t« V«ff l««i »««l«tv f I f i l e f f % $# i | ClfSfl* 
9«* Of fingltti Mi l C« Sfft«i^ f HjrtK t«f*« ?3i ^O:^ U 9 4 D * 
I2# B* »* s « ^ i i ^ liitiUop fiir#i«t« 80t tac^ a9«eK 
|8« »» #* sm^iitiiii, ^. ciM»« riiirtM I7t $4ik a 9 i f } * 
14, I8* a« lm$H IS««l«i>ll«t K«* i % 1 % $0« II9S4H 
» l l« f« ll«W f«tt« t * |Q7ft a ^ 9 ) « 
|«« Hw»9t6 UH%h ^^f9$ 8ftf#t 13% U% <lf49>« 
l^« ^ ^ /h * 1 fs r «C»«itfgi«99j% ^ td4tt(t »f K* $l«fli»ktt ««ftft 
I l0l l«i4 9ii l»ll i i i l»i <£«>* <A«st«tdini) f # l * l» i Cl9«SK 
20» i*« A#,f l i t »i4 I * i t Btatfi 0i>«fl|tl«at0 • ! Ist«ya«l Ctstara lM 
• f QtMia tadisi ina I OSS 6 A««di«vjr • ! $•!«••••# Kaftovh IfSd* 
a i * l»i«»««l 6oiiv0iri4«8 €e#ffl«i«B««i ii« B» i»f«» ttottfe Sol laM 
f aH l f l i l i t I ^^« <AiSi%«t4afi>^ I9SB* 
as* 8* 8* fivaat astf 8» ^» S«9fatCi Bat* S«l» Iatftr*« 7» 4 | l t <lf34>4 
0 7 
e a ^ g t g t ^ m 
| i 8 f ta^Y^i fit© f«i«t|dii m$ «k9f«ft at • tUtttftril 
f s t i t l ^ tft ^«1iftfii|M tilt fii«t(it tot)® iii fttl tut «»«•§• 1^3^ i t 
hnil l | |# «f l l^d is iS tiiii»t«t wfcitii i t alto tuitdlil* fdt |h« 
««tiitf««tiilt« liftitbtt i i i t V»tf lo»9 sot f««y ttioft* fhtftfoft 
i% « » lit Qiod &t t itt]idtr<! ill t i l tilt eastt* Is tiiott t»t$t 
vlttrt ttHwM tiota eottttttf wtt «§•## t i i I N tiots i iat l le l t t awitttd 
l»l' 2*^ not* $oittttt4* tsfttn i t t l l f D tt jr i tai vat' ata^ at %im dataetati 
9^tft ^a«& « i asai^^ 0*44iS a^tr irat iitadi fat ealaalatiig tto etatt* 
i«attaa« 
»«attai ttm m latH iidat «l tlit^iawpla wat ealea-
latad hf mi»9 iva ttaidefd taftplat of polataiam iatfiffat oat oa 
aaoft aidt of tl^ a s^aat«»at aafn^ lo*^  f l i i sxataoa of tfeaaa two talaat 
of iaottoa flax im^ attd fot Ilia laaaaatoffaat of tlm otoaf-aaeiloot* 
rot tlioto i i o i t f a i trbloli Aatf leag Ufa tiwdt» ilia 
eotBtt la tj|a i^o^ialaf «roift ta&aa fat lair niaatot aaii tliaa tHla 
ioaatiag tliia trat iaota£«®4 up%» aa lioat at tlia aet ivl t f dioara^* 
fhit irat aoooitatjr to tmi^ foire t N i t a t l f t i e t of %H ai^atlwoatal 
l^oisfi. 
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lu l ls iikii^t Ia*^*«<2*S at t a»d m mild 
iim armiim iiiiiiii)iiii>|>rilii«ii|ii»i««liJiilWil»ilw«><»'i||i'l»'«liii»i<>Miiiiiiini.wwiiHliiiXiwpiill miiiiwiiiiiiiii ipii|» 
f^lgt* tCa^ aai # ^ shmi tHo kalf llfa^aad daeay 
ieltafiia o | 1^^^* ^laood af^att aoif Him %h9 ladian tat^la* At 
l^otaail^ iodida wat atad at tfi# iiasdaifd aa^aiaaea tkaxafota 
a e i l t i t r daa to tr^il%*$ kn^ mm alto ptatoat «Htli 2$ »la 1*20, 
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128 l ^ t i i cU«t itmn the dt^ttf t)inr« $f I • fl^^toeft growd »«t|« 
ffe* -i^tiillaBt 4m^f inifft gav« t^lMilf l l l « «f 3$ tula* fMf e«rv« 
was e3cttai^#l«t«d Imeir 1i# nnwi tluft* tftt Istvreepi^oa J'-^dxIt 9«v« 
tiio e«%ivt«f • ! t^ ^^a $m% n%m t te t tv^U »»§ m^w^ item %h» 
i^Miibav t^^  lif i««%r«iis f»t 2?0 f^lsviMi* f i t * f §imm %ii« dteaf 
seMi«>« a»a l i t l l U fa e«fif« • ! I n * * * * fiW P | » ) - Ea^tgles dl batt ^ 
penieiet sa# Ifealt. iiraiiekiftt tatidt ata ilmt» Ift^t&a daeajr aeiiawa* 
Coaatlttg ef tMs tampi* iraf tiatt#d af%«r twaatjr f»lBat«« •« i t e i 
tk» aatlvltlaa dat *» I»*^* C|i §##) aad I«***Ct3 ••«) watt »ot 
pvatafi%« fHa eya«s-«taatl«ii wat •ala«lai«<t la ilia faUawlaf wif t 
i ts itaaial af ! » * * * ptaaaat la %im 
«a»oa« .too) * i * l i « 1 ^ 
Caaatlag rata/aaa at tara tlmaC^ » 7*5 
a • # *^* ) « a*9IMI7 
l» %Ha mnm aa 2*$ •«# atata daeafa <flraa%ly ta 84 ftia ttste bjr 
laanMirla tiHiaaltlaa tharalaya %H i^aaarad araaa*a«e«loa wi l l 
WtpriiM9n% tHa otaa«*t<iatla8 fat t te papalatlaa af ^ I H ttia atataa* 
Ctaia*aoatl8» eaa ^ aalaalata^ hf atlag valatlaa <2»6)* 
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iai(|^i« ( i ^ « t a s ^ I i©^^ 
fliHi »£ I t f i l a M a a » ^ 0 itift 
C«ttstl»Q i« ta / taa « 8*4i 
*^ « 9* at? 
ov^ « ssa * so mh >. 
iWiir III mull nim ii«i»>iiriiiirii»lii[-««i»i«»«i|Hi<iiii|wi» 
Wit «i«tt»|«««laii 9 l I» i^^ ^ / > I«*^*» ealaalata^ la tlila iray 
l i api^taxlfiatalf flif» saf»a aa aalaatsia^i i^YGvlQaal?* f i t i t sliawa 
%lm aNasaa • ! tuaf^al BtattaB i« tka SMI« saattoa aoafea a> « « t l 
at at t i l t 9la«t t£ i t far f lat lat* 
»»**CiN^> Ha®^ (2*S5 Ufa) 
•li.ninriiiiiwwiwm—w •'111 •nimniniiiiiiiiim mi wim-wum iwiwn 
99*9 JK pB?a nattfaaaia watal $tm4er waa aaail at tba 
tatQt^ matarial* Xa&tapie akwdaata e l i t |a IO0 jl* fht aanplt 
96 
wat I»7a^iata4 <at 31$ mla» la ta ^stt lelaa ewittod hy Un wara 
aa«ata#* Fls» d tk#i^a t ^ ^ 1 1 U f a aatva af Ma^^ abtalaad bjr 
t t t a t i t f a l l t » t ^ t a #art lclaa » l t k as tad vittdtir bata eaaataif. 
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tlie deeair ««tv«* B*i»plteot eftrv# g%««ri « el««r ^ I f 111* «f 9»SS kvt 
iwnu*%im Urn ^ m tis nl* 
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iiiW»<»«(»tMiiWwi>Ni»iww*iwi<a:ii aiiimininxiniiiiwitiiMnMiMiiniiiiiiiiiW 
tula lHi«i gf9tHi^ »«iiif ltf • ! ?4 w«t »B^tV86t«# f y ^ %k» daetf 
««tt** Ai^ii slMt^firow iti» f i t# t t i« f»i«lft*ftt 4«ft«f «iifv« f i v M 
i l i t * tl«i« • ! Si iii« wimn tft« l»«%t {i»ni«lM^ INIV* «#U«U^* i i •# 
toll I I I * • ! S»S lift ««§ e^«tv«4* tiUif lBitl«fti«t t tot t i * ^ « r 9 t f 
f#»il«ft f« t l^if**° <*»/> f r f l U * <§.g fci^) y««$«ldB I f w f r t * * ! ! * 
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WttXUMm f o i l 0f 0«oai iBcft tlilelritttig asi! 29.9JI 
At 4«8^fi|ft |iop«t|« i fai# d9«8ff t^wpltttlr i»%^ tit* {|toiii4 •%»%* 
«f 4*8 »!• itom^wit $%^%%* tim lriradltt«<$ s»f» l^e w»s clltircc} to 
^eftf lot a*S I t * 61N! t ^ n llio eottntiSQ «•§ «t«ft«4* Ko cet ivi t f 
Hi S»S lifi t4*l»^* wa* o&setfotf* fft» tfoety oirv* of Prf* Is tiioivi 
m ftt« i 0 i 
Av«rii0« fain* ol (atljS a» 0.l4ia8 X 10* 
fl»« « l Ittftiliatloa at 40 kvi 
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«ift$a «l F4J^ ®^  wa# w»mwiei, %f aaaaiiag pkata paak <!aa ta tdd kaV 
gamna mf aii|tta<l %f P4***^» fiia tampla «at Itttiflatad f lwi tlwat 
aa4 ii%% |Bda9aatfa8ty(a«ryaa ware aHsiaatf* Al l ttiata daetf aaw«a 
wata tfeaa addad awdL-.tK^  aArfiy(L^ <i a^  oUiitLtA«.. cujou^ rc^  ;j 4f fiiomi la .^ 
ftn* I I * tiM aoattaa f lax «&§ aalaalata^ br aaaattaQ 4SS la? Qtfma 
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l i l« i» ey^^* flilt d««f«yi^ ltf itoii«vl« ttsKtltion %« 139 mlB gwm*i 
w%&%e «f D|r^ «^ At %^ inm^tH t«ai« It tiiatt Iiv*i} tttd l i daeayt 
i s %tm gmmi $%e%$j^tmt9i4te ony fsea»»fcd etoti*t«eUa» • ! Df^^ 
fivas thf aipi 9l ttttt 6rd$8»a«etliisi for iNi popml&%ii6m af tha 9caaad 
»ta*o a$ wall ^n itm laofraria ftaia* &«6*y eatva #1 OylW tl3f miB) 
It aftai»e in fig* l2« 
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c«o) m o*rno X 10^ ** 
Xtf»<!latlaii 4iiiia « 13 fttt 
CI • a * ^ * ) w o.<>80 
^ « 0*7323 
z 
o 
VO-
0 
,o\o8 
4 nnin t iT(9^..t>V'"^ r>.-onoy?') 
r22MeV 06*^) 
151 MeVCao;^) 
4-f 
UXi 
u '65 
I O 9 8 5 
j 0-555 
\ OSI5 
-O 275 
-O o 9 5 
Ho' 
• • • ^ 
Back ground Coumts 
\ 
\ : 
' 1 \ i 
i 
r 
\ 
\ 
-1 
500 ipoo 
Hg. '2 
, DEC^y 
TIME IN MmOTES 
SCHEME ^ND HfiLF LJFE CURVE OF Dy /65 
33 
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hm^ n nmiu mm m t^t mm* tm km mr^UfQ •»« 104 tr«rv <i#.s?e 
ikdi l 0lif» lie •sl t iNI* $lie •it«tfS«f «f H« &» sua li«I»f«fi tirt 
4? itVf f t i l «iiit 1 *^ fteV fefpe9tlf«lf» fiwt* X«t«rt w i l l «|«ef 
t N |^ft^t<i9i««»rdSi Itf^a fNi wi»0m at «f«il t t ilia eatli0()a a i t i t 
b«t« aatuttay mttH% » I I2 alto lit «aiiiita<l l»y tbi ^ata aaaatart t%«t 
tl«^«fiiii»faatiaa fat tut fia^ilaiiop af 1.25 wia f*a*a af O y l ^ eat 
Ha ftaasaimtf a i t l^f i^r aaatitlad iNi aasvartiat alaetyatt and 3r«*ta|;t 
«|«li %iia kt% at l!»«ta «aita«at at lif eaaatiag ifca atteeavatia^ gapma 
«afi » N t M X*fByi «Hli a »«S<tt^ «?7ftal* «* 
»a tf iad ta utatsgfi %he ^ietifi§*M«9%ioA fat By**"* fey^ 
agiat t taittt i l latlaii opaetfaMatttfi'^ A taer^la af t^f^^ « i &^3t q/€m* 
wat «»(!•» aa^ was Itirft^iatad %f aeatrah* fita ivt«<!iitad ta«#|a 
i»at 9laaa4 aa ifta ^al Cfll atjrttal ftatia^ 9*6S7 f/eni' af alaniatwi 
cata* a»a *i^ <^s» Aiafa^ait abtat^r af I f /«»* tliie»a«tt *at |>i» 
Iratwaaa attivsta^ tan^la mi %h$ ftatCffll atyttal fa abtarl^ tiia 
&«|i*tsf# ftaw » f *^ * tsftaa 4 t laf ir-tayt wata a«aala^ tftara »»# 
m aaaata^la sai l t l ty* ffta aaaafa w«f. | a t | aaat^tka Nat 9ifo«8^ 
i ival* tiui taataa af t&l i i t t ^ t a vatr tnall awaaat af s*x«tajrt 
• I I I taaali latlda %im atytlat* Aftay a^i^lyiag %tm flaartaaat r ial4 
aotl^atiaa aa<f t&a alita^tlaa aattaatiaa i% vat taaa that ia tka 
OOi. 
(tt|St •l^f J «ftftf9«d «ji«it ci|«t |>si> •%«te ^i»«ii 9«« fttfii ^*t) 
•f@ft 9|a:e<iK»ff "ft«t «% Mi» MfillAntit ifi& ifi|% «i *t»$«iif«'0e Jl#| 
••11% «»«« JmMI«« tQ) •|>|i«f p«4|JtOt^9 fOB ftf« fNtlt$ |« t|t •9«9« 
tt«iit il^ftA tf iM>iC«i*a jro iSao99 9^$ tv •p9%9M%^p ftq fttiidfl ii«t 
«f«qi wtt |9 •8««i •i|f"#t tetibtt iff9iif9fi|^ » •IttT^ opot%s» 9fH% %m 
•9ft4l»«li«9 til^ |« j|£| M^m %mi% «»#• i«a ft ft90^t9»|9 »0|SJleA«99 
mt •« «9n99«4e» iK>ff^«tqtt mat ^fifd^ 4i9ffy *C9«fMit»*fe*>«4^4 
mi% %Sm^^%} i^eA*X i«f ff« PWM «O4%9«|9 tt»ft4»AfK>» aqt %«io0 6% 
f9tJ$ #«• ^m^M t*« 9f |«lli»9 |*9%» liei^Wfil J9f«I9« $n% |>t8 t^tt 
«t% j« tt«tt^9T9% •Ii9s^»fi|% 9f##9f •«% ifi^ > s»*«9»fi{t »9f%4bi«iq» 
|»fo$ e8|*e<t ^^£Q f» •!^99 tWf 1199 9 m^m 9jt 
«9e«9 9lt% 4|IMI%9tt •911 99f^fll lfT«i9 4l«9A 9^ j^^t f989999 M94 
9^m $mnmm m% wNyi *M99it%m ni f9'*9f9««9«9 %mA»$$tp 9? 9nn% 
•|ii«f^ 996 III* §im*X»M fi9|9|«Nl9« 99 mp 9%m99 991 •|tf9idl9 999 
i«|li999« 99919^ #t%i9H» 99S>|||Jft J9«I»|| 99% |9 %U ••99 99999«i 
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|e MfeA ilA«l|ltl|ii «|$ ^|« |;*@ » C^x>4U/^^)f9 tt|«A MB«l|V|«l Sllf illf|£ 
%«»iii«j|»t««M ittofAft^^ P8a('*<v«4-fs./w,v)|« tfttitJi tint w«2i •p»ft«^"B' 
*tiej9'^iNt$ (^ei i»a» («)ff *tiri itioj^ ••»A«ft» ir«9*^ •ftjitrt »tft^f io 
28 
^el I C€9f0 • 9<*«> 10 ••ISA »&fiji»Av 
rNt»ifl»>||«lp<»<>IM*«*ll«i»illliilMl«»«ril!»lri||il* «i «l • 
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6 o 
eai4mi4fiaKs mmn m Bftmnmh fm^m 
Hf %«i§i&o^f a»d ti|« gtoit^^*^ i» |<M0* f 8tlo^ mowHn^ •¥• now 
fti^(%»*>• liiff^l snci IOfO(>« H l» is«il &it(^» t^dt ststt t t leal fli«»tr 
«oi^l«tAlf iwi^i i«d4 Is i6» tdtdtto^f Itdseea tiir disk «««i^jr ft««tr«r-^ 
4tt t&& «i«dliee «el0&l eseielt tint iitnaHoft di Ion ttsef^iot CIB tb« 
%«¥ eotfff fogliitt) i t «di tsem* Sii l^tm pW9§m% wotrft t ^ ^ktvldsy 
«f i t n t l i i i e a l tHonff fes» hmn @@oii^ t^ fi#ttlfd8 «ii«fiir of 34 tfV« 
Before 0^480 t9 te t t i M i tUciOff one wnst l^ aim the r«ln ataw^ptloat 
Cal f Ha a^gf i^Q«@t« #1 «»«i«f08it^  ft««lett8 f«fpati<ia lialdt 
999^* A« «fe9 t®f8«% «ael<imr eti^titfcii a neattast t N eon^eaad SB« I«« ; 
1$ f9fi*»ed @&ieft ti^ 96 4le{taf« la ta %Ni vatlaat raaettos aftaasaltf 
la a ftry »liot* tif»e i'^iO * te«l# 
iU f&ar« la 9voyit^l?laf a l tba^lat^^i at tit« aKeitaiidB 
aaargir rnhew^ %im t.m^em$ iaal^et l» fotPed* Exaltsttaa of tha 
aaf)pa«ft| ssalass dee t# ttta iaatdaat a^attoa I t fl9_&i3& %tot a 
aastlaiiii of letijls @f gfttraa qaaatttv^  aanr^ isra la iQtmtti^eti^ja ats* 
tHtimt @««t6f# la Qlitol&di dver a l l i^otallila qtt8»ti»» um»b@T» 
Gf^ ocg fHa i ia iet* 
fftata la i^ daslddva^ta aastoHf^aatal ef|f»aaee^** tftat 
tfw eaB^oaad onalaoe as t ip^ i l^ la) Is aat aapplatalji yall#* At 
&l@b «a#ffl&a aaaleat tdi^tlan .%nk&§ j^laaa hf ai&ar palimds aaaft 
aa diteai lst«taa%ioa# is t la tbe k0 m®t§f ratlaa t^a pletara 
#1 %tm^&m& fisftlest fdfnc$l«d Is towplettlf v9H0» 9ft«» tft« anetQf 
t f l l l i t ^mit%e^$ ttit fio^M OffQf^^lQs pid ^ i l l ^oli 9»otf« in ik«v 
dfietgjf fd0ldii on I f f ^ lof«l8 ^i %M mmp<im4 ^ml^m w i l l he tnoi* 
%^ nn4 Imme OiH ai@ttP|>tlos mnf edt I10 ttso* I f l l i i tattgy «f t&« 
|ii0ld®fi% s^tttfoas Is Is %tm t^t ^ofiott oed Ibet^ I t t sptsa^ Is ^ 
l«%«lf f9llc$« $lt& $^t6«d Is « ^ «@i%f^i_di}0f9r kts to Us grsatsr 
ilidii l i e if3$ls0 i»l |£NI Idygls in tiitt lisajr Isvslt st« sxtllsd* 
l» # i t i$0@@ito t^fit» of ID® ii.ro«s*s«ell0st« ws tevs 
«s«a S^*9e |i{io|iio0it$yo^ f&8tt« tolling «Q enetuf tpvead of sostlf 
a ftol^* tlUt ti/fotd Is f»tto& Qwentof tftaii t ^ lofsl f^ael»9 at ttils 
03««lla|loii ^ueie^f* Sssoo t6o oss«t^ptlo»t of tfto stst l t t lesl tlisovjp 
($1 flif mi^0&j&M 6&mf of tlto ftOf^ottitd BSoloss ^^ottds^ 
sfoii t&o %mn%m peyttiotofi C &t ^i 9!|trlt|r ole* > of |iio srstsp 
m^ is lB<?<^6iidosi of t lo «oilo of lofi»(illos of tfto oi^ossi! saolfss 
fills Is olso %nmn m Inrngmiem^ b^ TPOtftosIs * I t apiiosrs ftof^ 
tilt evallo^le osldonoo^*^ t ^ ^ ^^^ ^^^ t ^ o^vo ass«p|^ tlOtts Co) 
ott($ CH) iKil^t t |o dooof of ttm fOf^ossd oootess is le^opos^^ont sf 
iffO^O o f i t s fOf»QtlO&t ftm OSSIN^I^tlOl) o f ^llO lBr*l^»0S49St (tossy 1«0(f| 
08S&I0S ttto o»oss*«ootloo^fot tDot 0lvoo roife to ^0 o^sal to t&o 
oiost»0fotloo fot tfto toffiotloii of ttio eof"j^ ott«a nsoloss tipos ttto 
pro^bHl t f fot ttio €&mf of t io suny i f t i t lOPipoosd soeloss by 
ttio Qkvm tooto^* .. ^ ' 
f tisso ovo tim i^lo ossestlal sssi^tlost of tbo sts* 
l lst lool tdoory of fiooloof roootlos* 
71 
S«^  §,ilii^ii,llAiil tlififtry, .Usmln,,» 
V99m |^ if«ty|08« Qi»ti(f9ir8«|oii %%» «ttttf«*fe6tloii fdt i l l * 
G^  CT ,^<) ^ <^ <L i < / r a.i> 
I t ftba 6toi««i$«$loii for %t^ i»§^> ttuttim tot ii«a«ro8» df •ii«fair &< 
CK,C^/; - J ! A _ ^ TjCt) 
) C -
^ ^ 5 1 < ^ ^ ^ - ^ ^ ^ 
7,„ it 's Vi^I^S^''^^^'^^-^ 
wftevft I I t iHt spic of tlt0 tirff»t ]ii«l«ift j ! • tiit dkaiiBel tpltt* 
^ I t tti« i|il]| Hi 1} lefel Ifi tils ««]^ottiid nsolftiff 2.7r ^  i t %lm 69* 
&jf6lte»d tt»t# o| Ifed ti»?g«t »«el&llt« f | Is %tm l)fi8i«)lsf|o« «0«fli« 
ftltiit ^1 tlw ilft ^ t f t in l irftv«« i* I * tfte nn^sli^r wontstttiit «f tit* 
-tt at I f ^ttk | | m6 1^ tatlttf ir ^ 
» It I f | | Of Jg tee* i>o%li) t a t i t f l t t V l ^ - i K i ^4i+» 
(4*3) \^ w % I f iieltlt#y 11 »ot Ig t t t l t f l f t t 
•^ I t iSeflftea t^^ j^ j^ ^pj^ ^ t wHttt qf-'^  I t ¥ttdl8%lo» muth «»« 0^ 
7? c 
i« *ft# lev«l ipdel»9 I>«twe«s te?el» «f ««*» i|>l» <Jf> «»<i par i ty . 
ffte fi#8tffd» tt80ivi i f i lo8 eoclf ie l tats eaa lie «alett* 
iliiftfitltjr ^ ^ ^ V T I I O ' for a iiawbtt ©I yalots ©f |! if ^avifietart x aii<! 
X0# I» t h l i q8|ttUtf j^ i» t^6 ar^ l ta l angaUt poiiaatap ©f t l i t 
sastrofit aad i la %b« nnelaar tadlsa la fataii Qtvaa hf^ 
i a C I«39 A 4 0»S > la f i i i 
flia ^araf^aiar x Md XQ ota dlwaatlottlaaa (taaatltlat aad ara daftaad 
hf %H foiloirAao aqaatlost^^ 
M m 0*33 ^y •" '^  y !^  I ' • «l»4) 
iCwliera Sn I t •xiptatsad I * tiaV) aad 
X | | t ^ 0 # 8 . 3 / '•"••** •Miwi*iriwinin#iiiwiiwirin» ¥ A M 'M«9# 
irs wMili i n * saataar ^a t to i l e l fQ la tataa to ba S3 MaV. ftia tfa&f** 
iBlstloR aaafflelast^^ I t gitaa hf %H «q«atloli s 
TjL ^ X r ! l c U ) l — ? — a.6) 
L TT R> J 2,1 •*• I 
aad tfisf «ati ba aalatiiQi«d fro» tba qaaatlty '^^ c^ )^ /TTR^ • fpt 
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lisifiitg %h« value «l tHo tw&n$mi§sim «9«ffl«ie««i f | « the «{iliefi<» 
4$al ««>p|it«ii wt l l pd««iitltl with diffusa «d0«t wot utedt. bteasio 
" a 
I t gltr«9 t>&tt«it 9$8«its In edpj^srltion situ ia«r« iv«ll node I • 
^Ittlf ff^lottlotlsf %fm «tOit«$e«ltoiit Ibe «ofitrlb«Mott of tit* eegt* 
%tm m^fQf mi %lm *pin #1 t!i« stti «xelt«^ •«»%•« fft« gvoiarf •««(« 
«»«t9F and «|^ lii sft Readied fey B^ „^p and l0f t«tptetlv«ly« flm 
»m Qter *ii* |»eiiide oely %hm» %«im» for wiiieli eaevsf «f t ^ 
«x«it«i itdte A$ l«is ituie t!t« es^vgjr of tbo^lnei^oat Bootroa 
< l^il<S ) att«f flMi f i ^ m&t i * tt^ oagolat noffoaian of tkt aoottotod 
aeattoa iaolndos oalf t^oto tofeti VMOIE ooatatvo %tta pavlty of tiw 
«r8%«iii l«o« for 0Q«li Eg, tbofo ¥»«»% H oaly nM ot ovoa I * faiaoi 
ffHotHof ^ 
&%9^n6iMi$ m/%tm pnH%p of ffto ^toaad ttato aad tfto atte o«»it«^ 
ita$« ato oppoflfo oir t t ^ tafft*^* 
la t l i i ei^foijilos of oeptsto orosf^toetio»# f^i tba 
fofiotloa %rM«!i f l fos tbe oaai^jr aaif total daatlif dopaadoaoo of 
faiSatloa wl<Siib l i f I taa hf^ 
0 
nhave B la t&a aooiyoiet tiln^lag oaofgjr* E i t tha aaotgir of ilio 
laeldeat aaatfon a»d P^^) %tm total doaaltjr at oxeltatloa oaargr 
%* H 9lf«s hf 
fi^) r: d « ^ I ^ [ Z U E ' / * ' ] C4.0> 
^^  74 
ft« Ciileiilall«ii «f ptt»ttit«tfr 3 f 
. will 111 ifciiiit m<>mmmmmmm*mt<mtmmmmmmmiimiuwim:iiim 
b««8 #«i^«fi!i«4!^ In *»» «fit«9r jrniif* 0f o*eso t# 4*0 Hit f#f flf^^'^t 
^I01» t * H Ai*^^ ftiia ari^^ «««lt»* «ii«t« wiitNri »»»• « |^tt«d 
|ilo #ai«il«it9d vain* #f t ^ #tott*sa«tlos sritlt I N •39«rtfNisttll|r 
-£x I>/2-nrf- Cwidfs l^ l i tb« tit^latloii trl^tk ftad & i« t i * •«•»•§• 
I f f * ! tptetng) wWtft flir«« *fc« * » • • | l * * ^ i v«lwi «f 3 w»t ^ 
I t 
««i^ay«^ ntlfi tii« valiM okisie^d from Im tn^w^f ftf«iii]ie» ^tycnttcrt 
l« «fii i^mi tfttt txQ«|^ % is l i t €«tt oi^fk^^ f tk* t»HnUU4 ^ 
!«» «if«f9f tefofiftiiet fitrt«r»|0vt« 
vat fiat«»lated fdt «#tre8$f Itui^ ««f&i <frdii Aaa3^t« Aw332>« Slw 
valtts »f 3 aa abtalnad fvofi t^* H*0 ftattat^otidf t« ilw a«t» 
emtQf • ! tNi IseKiaAt ^antt^at ^gaasa fNi fwei ias f^ ^ daalt 
iritti %lm «»e»3f tfft9«9dasoa o< psfafi»«t«y 3 • 
Itt aetaul pYa«lla# tvata-iaatlast for i[ i^ Oi I* aad t 
vara aalaitlatail nuim •«!» C4*2^  ^^^ diffataai sat af talaat «f ^ * 
esttat msw tlta» plettad ta t i!llf«ffattt valaat al 3 a»a tHa aarvat• 
l^ o«dia9 falaa at aapiafa atatf*««a«taa o^ • abiaisai! bf ^dditts -HU. 
taJtaaf al tfata««a0t|aii fat dlffetaai ta l ta i af ^ » ftam titaaa 
aftftai th9 ta|ttt af 3 wftlaft gitst t |a taliw af atafi^aaatiaa aqatl 
la ilia aKi^atimatttal mlm$ was i9%*mi»*i* 
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l^ftaiPltsl0ii eft«f£l«ieiiit f^ for m6th ttselel ««r« 
««Uitl»t«d ttm fiq* (4 .6 ) . rigiir«« 3S to S9 nhtm t N taliie of V^^ Vrr^ ^ 
plotted agslAst I Q fot tfifleveiit valovg of x osd for X«dt 1 aod 2 
irotfootlfolir* ffco f«l«08 of <^t(e)/7r/?^ woro taleo* it^-m iU optlool 
wodol - M M M ealottlatlOMi i»«d« by Cati^l^oll «t • !» 
2*.|'ttttftUft« . f ^ I^ i 
fo oaUttlato -/«; dlffefoBt valsot^^ of *a* eoyrospood* 
Isg to dlfferoRt Itotopat. wero til^ott* tl«t i l l tbo valvo of 3 irtro 
foMd aiiROat to h» ttio tape* f t e talaa of 3 wore olao ealealatod 
for d i f f Of out raiiioa of t ^ hinSi»§ mewgf B, ii«t tboro V9§ praoti« 
ealXjT 80 tar lat iea is tito velio of ^ • For lottaaeo mtm» 9 I t 
tfttEM oqoal to 4 fio¥ aoif 9 KoV I N ralno of 3 oaaia oat to ^o 
dftfdd aotf d«994 tospootlvoly* ftio vslito of 3 waa tato i o(i««l to 
i fioV for i l l tiio oofoi* 
flMi taliio of ^ wot oalottlstad fron tlKi iii«»ressioB^^ 
whero E Is tbo eaergjr of the aeetront 03^r«ste<f l« •¥• 
SlHi tallies of paroiReter 3 oaleolated oslag the 
reli^tlos C4*§) ere llaietf 1» table I t osder the heeifleg 3 ealoo* 
la ted* Velaes of et^ptare erefs*feetloA C7\^  # or* »l9« f i t e e Is 
the f8>"e table* la t M t table t^e plot siga of tbo error la tbe 
t a l M of 3 oorretpottia to mlaat i l ^ ^ is ^bo valoe of c^w • la f l g . ^ 
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Mim piotied %lt« vslttfit M 3 8s 3 f finetios sf e«Htr98f is ili« t s i ^ t i 
iiit«l««s* flM ••¥¥«• for •teii*ev«i. ftitd o4d*i(y«ii target iiti«l«i gre 
sitowa s«parat«if« I t I t «l««r |rQ«» tbesfi flgtttct tlMt et %l« itagie 
i)iai**l»ers 6t^«n%te»9 ttiere I f a inarfeed laarofisiF la tNi V8li« 6f "3 » 
^Iso 1$ Is iBterestiog to s«« l« f ig * $0 tiMt tha avrve fgr av«»* 
o€d eofRpottsd ftttolal is above tlia eotva for tlHi od4*odd ooufpoaad 
ttttolol* I» tko refios of A arottsd MO-tlio I P S I M of ^ for evon-odd 
isompowid Attoloi I t greater ttoa tfte raise of j for odd-odd eov»po««d 
ttttotei 8|iproitiiiiatoljp by a factor of 7» 
Fig* 41 tliotrt tim varietloo la tito raloe of ^ wliU the 
neafartd f r o i f s e e t l o a * I t is eride«| tha t jU^ l variet expoaeotlalli' 
iritfe ttie neassred^j)ros$«»seetioa« Wwtm %H§ earvo tNi fslae of "^ 
oan he ohtaiaed iMmediateljf I f oaa Kaowt tlio valae of tlio oroft* 
seetios for aoi* givoa ei)se« 
Ai defiaed ear l ier 3 I t eioal to i^ /vTrry §. irfeer* ^ 
ead IS aye t&e retoseaee parapetert* Valae of tbete parafietert are 
tettalated l i tHe report^^ 3»l^g2i» Oae eaa therefore bate t ^ 
exp^rlpotttal valae of the parawetor "^  • tiieae valaes of 3 o^taiaed 
fron low #aergjr rosoaaeee parawotert are l l t t e d la table I I aader 
the beadlag 3 ^bt or red* fbe obterred valaet Of 3 have beea talrea 
oaljr la |hote aatet mhetp Xf asd D are tcaowa* fo obtaia t&e valae 
of 3 frop ratoaaaoe peraweiars • the avsrege level tpaeiag & for 
aero tpia target aaolel wat tei^ adi eqaal to the obterved level 
spaeisg trhile for aoa«>iiero tpla tai^et saolal the average level 
tpeelsg Is takea to be twioe that of obtorved level spsoiag^S« 
o 
f. « ( 
Q O O 
-•-- - w 
3 
< ^ 
-Sqo^ / 103% " o 
J1 v> 
ISO 
PI or Of fy l/<i A/£i/T/?OA/ rsJUMaefi. 
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«i^ f#r jti««tfi>ft« at seta «««f9f ^ « ^m mM^t^9$i&§4 ««Pi^ «r« «!«»ii 
3 «9t$«lttttd fr#«f fills %timwf »8i% % in* •»»• «t tli« talfto 
iii9 «&i9 Aiftliet ^» flMi folutt MMm» I t tNi fl9«t« «orr«f|^gftit t6 
|}#ftti #«#ii«Mi«.0tt fiHtf «44t»i»f<itt ttV9«t »tiele|« I t I t el«dr ften tD« 
fl9«r« iliQt i)«st #f |iN» ^dinii l l # &mmd tlto^lla* e6Wt»§&9B«in§ 
%9 %fm m%i0 l« f 6# l^«lBti «i)t|«li^ll« mmf imm %H l is« «9ttMpikr« 
l l ^ ti»_ift# tat ln I imm -m f|ri$#i8tl# NiiMifl««v at t fvtt i lei i vf 
IHt ttipifttf «f ii0»ltoiii #f 9f<i««tt Ift tilt t tygtl ttufiltti* At wti 
^^listtd mt t«f l l^rt t ^ «^l«rt #1 3 «&tti««tf ffopi tg* U*0 
»&mm$pmm to fli« IS#IK» tuetif ^t ttit lutl^tst st»t7t»t* ftMi7t|ttt 
iNM^ttltloi t f t ^ #al«iittt«4 f t l t t e f ^ f i * b 3 o%ttl»t<l iwm 
Imt t t t t t t f tt i iMtftit I9ltftt«»tl«ft tot tof^t «»4Misla9 I f t N t t ^ l t U d i 
mi4%ti IV f ttti^ l^ e^ mwm^ %9mi tj^tfltg 0* «f« tttwii t t t t t f i t « 
tfi©fft» i» s«^ ©na %^ * ^ f i t i t i t t t i i« tt?«ftt« 8* 2 feiw ft«d 
3*t ll«fi tetp@li«lt#lf4t i ^ t d is t6 t t t tDtet 1<^4» ttftt tottttj^daat 
i « , t l » ««f© m&mit &i tlw Iscldfiat »««ffd»t# s» l« t ^ t t #»tet •&» 
t t i fa ir l t l ta ©f 3c^ t?||li "Xow Siatt » I » IU tittsliis* In 4 ^ ««#• »f 
tsrsil«f &9II £»t#ll «fr%iilft«<! dS %U m$i» Of lt»«f «Mt1l mf 9t m&f 
m% $im mtwm^ mlm* t in t mf »• «e« «f tiMi t«as«it «»y *6» 
p«|ll*» ««tftip4»dlftSi t© *titi« Utttltl U« <«» tiiSI^ ffflw tfet l int 
mwwmi^msim ^^ tut mti^ U 
I y^if 
78 
a&oiit r fd»d Q i f r«qftlt#4} «»liie& i s eet avs i io l i le a t i^retetit* 
Sn •iiJSyflJiiiiit'jtifTiMtiiiWri <&litfliM,.itft.^ iiR!ft».i,il!giiyiiiittiii ..iRBili^ ,,.7'j,,. , t 
VQiats ^ l - e i p t i t f e e fo»«* te« t i« i t 5" t iii0<l i n tli«8« 
fb6t9 9td iso«evle f l t i t ^ i of toll l i f « 270 4 • S«9 1^ 
43 % 113^  tf una m ^ i a A0*^% ^«^*®» €«»**» f « * f ^ asd M 2 8 
t9i^eiKtl9dl|r« t&« «tdt8«>iGe%i0ft |0¥ tbe j^opulaiioa of t i i0 t« s i s t t t 
t i t ^ k0 9V^ not It!i9i!»ii At tl^eimitsl «n«f0i9t t & o l f « ro t8* tee t l9 f i t 
ote 2»Q'h ^%t 1 ^ ^ I I I ^ anil 12% t «8pee t l f « l f «f t N 0?otad t t f t t * 
o?« i f« f t«ef io f i ^ * ^e HdiiG tft&ee l » t o aeeoattt «ii» «0»tr lbt t t loo of 
%im t f o a o t i e f t s t e otest^of iet ioi i fov ttie ibovo eases t t tap i t tg 
ttm mm0 p t to fn isgo pop t ln t lo i i t o ^ I d t t«o a t 24 &«f* fbo o f o t t * 
soot ion i n tab lo I I f o t t i ie aliofo osaet t&iit iad leote tbo t o t a l 
OOptOfO 6 f 0 f i * t ^ 0 t i 0 l l i t 
III tue mm Of Z f tH S«^*^ B»^% so3», Siil03 «od ig^ is 
orot««se«!tloit f o t ttm l|<KNOflo and tbo grosad t tatos wero nootttftd 
«dpototoijr a»d l l t o l t sum wns te&oa at tlio oaptsra orots^soetloa la 
aaofc caso» >d^^% Dfl^S aod ^ * ^ i tonat ia t ta ta t docay into tfeo 
gyottod i tot| |8* Alao ttio l l f o t lwai of.,tba i tofforle f t a i e t aro t a t r 
snall^lB ooitip^fltioi} tvitb %h& l i f e t im t i of tb« gtoaad 9tstot# 
fhm naasofod ovosfQaotloa f o t tba groaad atatji a l to laoladoi 
tb t oroti«tootlo« f o t tba popalatioa of tb« Itofiarle i t a t a •* 
Fot f t b ^ tba balf l i f o of tba otoaad i t a ta I t 9%ief 
l9w§m a»d la 1.8*^^ tba gtoond stato oaa bo taftaa at atabla* la 
7 Q 
atat* «vd ii0« Stsotfs* flio ii«8sttr«tf et4fs*»iiietlo»f of ift» ifttm^He 
§%si%0$ tmv& hem HUm tn H tqsiil ftf tfi« fiaptara erot«*S0etl9A 
is «8e(l^  e8s«« H%^ glvus irlst tQ» If0«efie »l8t« d| ipis 3^ And 
r,y9i««feetloii f&t tut ^tod«#tldii 9f tlit giroiutd »lat6 ef spin 6'^  
)i|>«ii i&» fj^iii III t N ^dB^ods^  »t}el««i fiitttdd* fion^dtiad il«6lfi«t 
9i tn^jff^md ttottt H i l l l>« Iar0«v^^ tliatt tti* Itoneftg state I f 
tli« ddfiipoiuid atieleiit •j^la I t $* I f ttit tpin «l tH* •empdmd Bitgl**! 
W0f9 4t tbtfi %ti« e^strlbstiofi to %%e oapttfre eyotfteetlos fyow 
the pupelftlos «! tbe f tf$tiii<f 9tQt« wsttld ftsvt !>«•» ir^ry fpall» 
Will elia»9« %& Imet mtn9$* Slifflloftf In tb« eat* of M • ti)« 
u4M%im of tbo ofOttiiJ iitaio oroii^ieetloa «o«ld iiavo lowere<! 
rot ao^*^ a»a 8|2®** tua laonarlo atatoa at* toty loag 
llvotf oed ilia Kaasofod oroi9«>aeotloat aye for tfta uroaad ttatot 
0sl|r wiiioit aro alto ttSea ottaal to t H oaptiift ayoia^teetloat* Xi 
la to be poiototf oof tftat tN» loa^ l l fed laoworlo atato In Hotk tiio 
Ottsof ciira ftl0fo tpls atstot* % ttm baala of laonorlo rala^^ I t la 
oj^ootol t ^ t tbo ofoti«ioot|ott..foy tfea popelatloa of thofo %iQh apliv 
atatt i i»««t h^ fet f aeall In oor^arliloa witli tha low apla atatoa* 
In %h» 6a«o of S#^^ t6a otosfaoetlOB for tfca afoaa^ 
itato and la tlio oate of fa^^^ tbo eyoai^aaetloa for tiio Isoiwarlo 
Ota to fit S4 6oV a»e fiot %Bo»a# A* tbotMal oaoffloa tfeato otott-aaotlti 
©ro »©ry snail* ttoftoo «r© lia»o Boglooto«„t&oao at 24 %o? la eoF^atl* 
aloB witti t ^ oroii*acotioB for tfta laomotie and tho gtoaad atatet 
,r> 
ltdf>f«vl« itsto i t s«t f{B<it?a* Ifi tfilf 6a$0 TV afii$/«y« ii<»t kntim 
S0 t^lt «tf« I t Bdl laslttffed in «N e«f"|^6rl£loii« Zs I N ett* 4»f 
0pl$3 ^^ijf |))|^ nr^tfotoetiim due Id lli« itm9wU i l t i t I t laf:tii 
III lali lt XI Si th» «t«t«»tesll0f} I«v thi gfonad s i t t t t l dl IstV 
i t BOi tnmm* 
l« i&blt ZX ibtr t t f« !«» e t t t t In »iile!i et«i|^fifitlei 
ootid t t i i>ft madt bteattt 'ta^s ^^ t ^ t t t t t t t i f sol tiioirt* I f 
Ibt t i a i l t l l t a l iiieof^ tioldt ft^td* Ibto I N t t l t i t t f ~Sc«{ edit N 
Itlrtn i t bt tiital lo Tcbs * ®»^ ^^ ^^9 vdlitt df f^  A* i^ Btwii 
l&tii t fotc^td Idta ol I tvel $i?atlii0« % ^^^^^ ^« ^ ^ ^^ «^i *^« et t t t * 
f ig * 4l$ ititirt l&t «l$«fl««ttat yslitt of f^  ptelltd 
agalBtl Ibt fiatlftii ttni^ titf of Ibt larot i uttltiM* $ltef« t a l t t t 
H ry Haft ^aa» lafttB l^ ta«» ^U32d|^^* I t i t ' e l t t f iw<m iDt f lg t t t 
il iai ibt walttt «f f / Ht t«8vl|r^^We le tttlgiitioefing attlti^aad 
fstlailos In tHa mim of [^ 1 it^t^o^* ^^fo tttt t f f t t i t f wagit 
awt^ats «« I N talttt of f y l t Hdt iwtti ^rotttatadf fittt f t ap^voxl* 
malt idta of I N valto #f { / la atf east tat bt Had ftvm I N arbl* 
I ra t f llftt drawn la f ig* d3« I t I t a t l p t t t lb i t la tistt aa laaa 
«f I N f s l t t of I f l a Jt^ -tfef »«elel Via. Na^S, » f H Al^^ «!«•• 
tioeatt^ I N Itaad iif I N Giifva af If ^^  I M t reglaa I t aal No«»a« 
I3|lb I N N l ^ ef f ig* ^ a&d labia XX* latal tpaalag 
la $m% nmli^i N t^ beaa «al«aliied* SNte talaat af D att llalad 
Ifi lablt XXI» la I N eete of t^*» ^»^% C t H C t ^ aad zt*^ 
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«:^9tin«8t«l fslii*^^ i»il 0 I t ttnmn bftt tfi« ^ I t n#t ftnoini tittd 
>}«««« t&« txi^tiFifxvBtal vslse of ^ I t sot fteewft in t^0« eftt«t« 
re f %!»• «8l«Ql«tioa #1 l}..«p f^63Ei«iaf« t&lm 9i rvwa* §»!•» item 
irt«« 4a* Xt t t eldftt from iabl« 1X2 tluit^S tti* v»t«f «f 0 «8l«ii-
Utotf IB tlilt iraf ts «los9 to tft» «xp«fi«!eatal vfil«« of 9 Is ««•# 
• f tia*^t Ct*» »ii<l K i ^ 
At %im «»eiel Sb^ ^^ t sUas osd 0$tn a,^ ao* ii«iad«d 
Ifi iablt XX %ii«r«for« l l f « t t N i4«a of ! » « • ustf* fyop tin* 41 
afid tboa tiia tralaa »f c «di ealealaled asiag tlt l^alaa 4f ^ • 
Xt I t eXaa? fyan! tlibii! XXX tttai In %im eaa« of Sl^ ^^ j^  aa« S»X$9 
ttia fr8l«alAt«d valat '^M 0 t6«o«bl«« witb t{« aapetlwaatal valaa* 
tliat I t i i fOitll^lfi t4 astlnrata tfto valaa of ttia averaoe Xoval 
tpaainf «ltl i tlia tiotp of f itf i* 41 aatf 4% ptovldad tba oeptavo 
«yots»aeet|oa at 24 lra¥ I t ftaona* 
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a. f a s t n»a%wm f^fiim f%* IZ Exptr is i t i i t * asd the«vf i i t l U f t 
6* S»^» i^OOtittsi^ tA t io^loer B936iloat I'vM* Siiift and S« D«ii««t« »df;, 
l^oftli U0iUn6 iiimn%6X0m}t%9S% f o l I t 9« 318* 
?• 8* £iai^oU»» Pt t f i * 8#f»t dSt 327« U ^ S ) * 
9. a.A. Hi i&el t E»v» @&r8lif i « S» l^iadftv tad S*4« Na^la* Fbyg* S9f*i 
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18* ^ao%l|ii» I*aa6f aod <»Fdn« ^ f t f t i 8a««t |07« 304* <19S?)* 
19* A* K* Cbanbaf aad H* £•* Saftgalt f^nelaa? Fbrs let* 66* 267t CI965)* 
A* S* C&aa^ay and ^* <•• Sali9«l« l^ftya* Sat** lS2t lOSSt (1966)* 
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21* J . r *Va f f l a f * Naclaaf iPSyaicft % S69* 0939)* 
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isoKESic cBQss«secsrtdH mnm 
tliHi» « t«ft3«t fiiiel«tts daptiiFd« « IG« «]i«iffy n^titrdB I t 
Sivei f l i t H «« •feit€)<t »86l«8i »Mtth^y«v«fti to ttit gyosiid ft«t« 
tn^s irtry fH^rt tiftt M«»**^«e«K »#fpall|r b|f tftt •fftlffloii of 
9am>»« taft* I I tli«r« «r» %«<» l«» Irlsg lef«lt «t|tti a latge S^IB 
<!iffere«c«» tN« Aftah of tliete law lfi»§Jk^^«H ttat a dtftnlii 
of tbai* ita%«t l» tiKHfA «i %tm itopiarle ita«« asd^tfit tat la of 
tbt ^apalatiaa af tliatia 8%a%at i t Itnpmn at ttia ttopavia eroi i * 
saetlott ratlft^* Stia •%«<!; of %t» lt«mari« #iftt«fie«tlo» s%«lo At 
iBiafaatlag for aadarstas^flag %lm datailt of atialaasr aftall t trae* 
tavf^*^* Vila ftaifr of I N oifoafaaatlos fo» %im ptdAwtim of 
laowatla atata la l i alto ^alio latayattlao for •8<fayataB<f|a9 tito 
ttaasltloa pfOl»a!»lllftf aa.,«i«ll a i tlia vafloat saalaat no^olt* 
F?oii ftiia §%uef of tfto laotiarla oroaa*«a«tloa tatio a%. «li«i<i»al 
eaarglat Katootlaa nn^ doldlialrav^ fofisttlatad a aaml^ ePpliPlctal 
tola fo? avea tatgat ttoelol* Ao^ordlag to tblt tola tiio Itoporlo 
ttata tritli tplo olott^to tita ooiNi^ oaad aaalaat I t fatoara^* f i t l t 
I t traa fov t ^ t o Itonorlo oaget iriilofe ata fef«ia<l hf alow aaatroB 
oaptofo aad tot bo|i» i?arlftad hf mnf wottott**^^* 
^ 0 ooB »o«t0«fa tfto Itoiiarla orott«taatlos vatlot hf 
Roasaflag tHo ofots^oootloB fot %otb ttio ttatat* to^aimtaljr aa^ l 
tairlBg %h9 tatlo of tliato ^ o oroaa^tootloB yalitat* at rflaaaaaed 
|B ohsptot I I * tbe IsoMiorlo o?ott«9o6tloB ratio eas QISO h& 
ftoaaorad l^ f taiUlBd ^Itaotly t ^ ratio of aotlrltlaa of hutk t N 
88 
««•%# dee«f» dUfvetlf to ttw gtonitd ««ate sBd also I I tiHi 6»ll 
Ui9 ftl^tte ltofii«rl« i«t i« l« I«f99 tiita tii« «)r0if»i«etl«ft r«tlo 
«8i bt l i f t t f i t tOy «<»»iitl«(l t N bite patt i^l t t «f %b» ^i^iid 
ttat« 9r M f QtiiiPt rsy is tit* dtacjr ol t H fVAnttd t tst t * ts 
fit«ik ft «tt« %tm •lll«J^»B«|Pt abtorptloBt 3«0ff«tf|r aatf «tli»F e»vf«e< 
| | « t t 9«t ««»««ll«d wlifti t N |t«iir«rl« «r«f••••etioii rstld I t 
•!«attv«d« X» %li|t wsf tkt ls«ii«]rl« •f'oti«i«etl<»§ t f t t i * ktt !»•%• 
m«8tit«tf f«y tep* «»§«•• fk» d«tftilt • ! i»«ai«Vft«t«a% hair* b««4i 
dasarlbatf la «baptar ttU 
8« Oif««fil«» < 
fabl« W alM»itt tb* m t a o^ ,^^ ^^ MPi^/^^u^^ ^lU. 
• t ^ i i g ^ / IN toigj » «ni>«H»a«»ali3r mtatarad a | 24 N f . 
ffabla I t aiaft tbtwa iba arotf t tet lon tailo at tbaytf»al aiarglaa 
lot a l l tba aaiet at » • ! ! ag at 1 ii«V for aana aa«ai« fttm tb l t 
tabla I t l i aieat tbiit l e t Zii*®* sa®®t » t ^ t ib***f »d^®* aad 
f^lSO i^ig ^«|||« of <Mx^ rs-f laaraasat witb tba laeraata la tba 
laal^aat aanttoa wetqf wblU Is tbt tft^* aad xgltS tbava la 
s«t «afb tat lat lo i la tba yalaa al ^HN/^^ * Sa (paattal I t I t 
true t M t ^^/'^-f laaraatas wItb tba laetaaaa la Isaldaat aaatroa 
•»«f^r» fbia I t ta^bfeamtt «• aaattaa aoarsf laaraaaaa* bigbaf 
iraiaet al aa^alat pafftatiiQ ttana^tablRf pavt aad tbtta w i l l 
popalatt bigb spla ttataytfara tba* tba lav tpla ttata* 
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C j|»l aod S«*«l« ^^yafoya a diatti&atioB la splaa of tfta aappot 
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af « ^ ataia«iaailaa M l l a »aa »aasata4» la |aaia n t laa talaaa 
• f i ^ am *m* fita $imu mU^k « i ta %»leaa ftaa taf^raaaa St* f i a 
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aeiKtrot oe»7fjp» ftm «^#i« flgstti I t I t ••«• tft»t let Bw^t <jv 
tiirl«« titfiftf iilik ts« efi#i^ f ef t&« lB«ld«8| fi«it«fOi wMl« Itt 
«iMi^ ««i« «| tft^ <^ 9 ftii^ | » l l^ (K l i »««rlf «««• «t all %im mimw^i—* 
iwm t^tmite f«w t«¥» fii«# I t I t ct»t» %m% £\. «•§ • §!«» 
«ii#iljr 4t##t^»et 
FytH rtletioft CS«fl I t I t t t t i ttet t t tii«v«»«l 
•8«ff |«t V) « 4»ff asd at 3 Htflf ^ » i * H f t t Bw^* fett »• l«v« 
««ir«i ^ • i at all tft« •eayfltt* At tt4 i i ^ t t t tal«t t l (^ tot 
!>•#« aitt «tltttl«t«^ Idy ^ » ii «M#ii I t •!»# tUtwi Is fig* 70« 
tiHi valM H ttttfly t i t »aii« «t ie* V «g, tl^t tUdivt tUtt i t 
ilgUtt •JT I^tatloai dSdrglfif t ^ t f f t t t ol 7 ^ ^ I t yarjr t»tll# 
flit¥*f«i« wi Htft ta&tt ^iit v&l8t t i V t t all t ^ tttisltt lt^ Bk^^9 
a«4 Xmlli* 
itiNit t t a I** ^ve talttl«t«4 tilt I^ I IM tf (K at 
4lffaf*Mt ttiafflat* Stltg tlMtt @3iip#rlf»«6ttl fal«t 9$ ^'^i'^T f t 
ftaiNi aitt tftl«ttlat«4 t i t taltt «f c^  wtitb I t ^Ifitvttt fttit tttlY 
ftitet* fkttt talMt 4Nt <^  tft a l i t tltum I t f i f * !^ flit iNilt Vttttft 
#1 t ^ t ditftirtiitt I t ^ftl^^lf #tt t t tftt lt«t t i t t tiMif limt ttkM 
tid v^latt «f lilt trttit9f»lttlat tstffltlettt* A l i t |% I t mm% liwitltttti 
f^ t^t m%a% valtt tf I tfttf Itavt ttN« lata tttottt* 
Stttt t t al^^ ^y« «al«f|ltt«i tto taltt tf (jv« IIPtii> 
tilt txpttititt i 
. ^ - 5 ^ - ^ . " ^ 3 . (TC- - S-^ «^  A\'o cv T IV •^m 
I t tlili ti^fwsslta >" I t %^ p*mmm%9w at ^tffltt^ prtyltitly tt^ 
f I t %im ^mlmw tti<i^ at«tttttt tf t ^ rttl«w| ftttltiw* flm iraitt tf 
(^ f t t St^ Ivtn ttt ttiavt taipttttitt ttPtt 9«t t« t t 4 tt 
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mlmUu^ h$ asete «% iit • fnUm •»*• tiii«*^4i« <7v m iwtt #«#» 
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twm %m •<i* ^ v ^ * fH9 $^m!$ t i t t T i t i l § « • t l «« v«f;ri3>t9 fas t * 
Hm mi «i#f@r «it^ ttNi e% {@«# 9lte» «^» ttti«» «f ^ wiil«6 at« 
imttim»w^mim*t'imiimii0immii'>>'^ 
mmmnmB tea es^its t 
4 , ^m a« ii«f«f^ f Dyt* l l i t * f fh t i t U9S0}* 
^ i . ir«li<!«iiliot«ti Slid •?« &* &m$MmQ9t i^hg** S«f*« I^Oi I3l3f C|^^l< 
7« S,S* ififtgftl 984 r«S« 0 l l l f l^^flciir I?&ftiet* 34* SiS* U94S>« 
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120 
A*n» cuatt^ir m& M»^Lm S e ^ t l t l^ibfi* i6 f« t l$3 i IOS@t CI96^* 
13* ^0O%f&ii €toii*s#e%l«]Bt t^i**aSSi i««i l8^ «a i f l « l i CI9S® as^ I t f 
I4« t * s * $f0w m « I * ^togiNi i f i ^gdr t m metmw 4nu e f » t l ? H l * i l » 
IS* C«f» Q|$^9» i b f * ¥^oe«i& «6d #* i l * 8ttli0B^»t ^ttelenf ^ftyffteit 
16«: ^» ia0«9 » i «1# «tt©3f«st ^UmH^^' &% 44%. O M K 
! ? • 4&mmt0^ SiihQwtmd Borse la l l t I'fejri* i ^ f f , i i i ^ 02i# U ^ ^ J , 
lOt ^« C l i i i gd l # t al# Saolodt ^l) fsle«f 41 * ai4» Cl?S3>* 
%% c^t* i | t > ^ % f i f t * INv*# l l i « I f ^ 11^91* 
aa* f« i « l e i « t » i i i i« l#«t ^%8l t$« I t * 4^l» C l ^ * ^ * 
21* a«€« OoQ^lod ti^4 4^^  30<sd0Si»l^ { I$$ l«a t^ l l?9 l0 i * id* 3@& <I99^>« 
St#. t* t t * Um^Qfif l ^«* 4 * £* i ^« i M f @M« C |^^ ) * 
^0 4m £^» 0 la i l t ci»a f * 0^ * n«iggfeopf» S^t>f©t id8l saelei i t 9l7»l«8» 
^ . a* tSldel^ PSirs* ie9*> ^% lOMt il93^>« 
34* ^*&« t,|ii90|^ ted 0*A« Cl«ttiii»|<i»@% Bhf9* tQV#« 9 ^ la$Ot l|9S4>* 
$f# Cr*f» @ti>s^t # t a l t f td«dd l«0 i 9 f $te 9mon4 ttii|t«df iiotl<Mii 
lai ietiK»tl0ai}| ift&lt^Hfid en t l i t 99«#«fi i l « fe t » l «tatt le «ii«fgf« 
S^«> e*^# .€ i t i ^^« | | m% ml«« i « « i : | ^ t l « 3 l «i9#il «tt l«8l8t l i»i i f t & l f 
t«i$lift|«8l f opa t t ^0» 1% C l f ^ l . 
$%i, S* A* Cum ^ • ^ f i * 8tf»# l i i k SfQi C|f«4>* 
2.A.1 Nuclear Physics 66 (1965) 267—272; (C) North-Holland Publishing Co., Amsterdam 
Not to be reproduced by photoprint or microfilm without written permission from the publisher 
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Abstract: Neutron activation cross-sections have been measured for the following cases: 
Mn«(n, y)Mn^^ 4 0 ± 3 mb; Dy"*(n, •y)Dyi«5."™, 190±20 mb; 
Ag" ' (n , y)Agi''*, 840±90 mb; Ho«Hn, y)Ho"«°', 990±70 mb; 
Cdi"(n, y )Cd"^ 240±25 mb; Lu^'Hu, y)Lui""", 1670±120 mb; 
In"=(n, y)In"« '»^»^ 580±4O mb; Aui»'(n, >')Au"«, 500± 35 mb; 
In"Hn, r ) In i " , 220±30 mb; Th^'Hn, 7)Th===, 480± 50 mb; 
Tei^«(n, y)Te '" , 6 6 ± n mb. 
An Sb-Be photoneutron source was used for the measurement of the cross-sections. The cross-
sections were measured relative to I'^"', whose cross-section was taken equal to 0.820 b. The 
theoretical values of the cross-sections are calculated using low-energy resonance parameters. 
These values are compared with the experimentally measured values, and a good agreement 
between the two has been found. 
NUCLEAR REACTIONS Mn^^ Ag" ' , Cd"*, I n " ^ Te"«, Dyi" , Ho"^, Lu ' " , A u " ' , 
Th^'^Ha, Y), E = 24 keV; measured a. 
1. Introduction 
We have undertaken a program:ne of measuring the neutron activation cross-
sections at 24 keV relative to that of I^^^ (refs. ^'^)) using antimony-berylhum photo-
neutron sources ^). Cross-sections in the keV energies are helpful in the design of 
reactors as well as in the study of the cosmological theories of element formation '^). 
When a target nucleus X captures a neutrons, it gives rise to an excited nucleus 
{X+1) with an energy of excitation equal to the binding energy of the last neutron. 
This excited nucleus normally decays by the emission of gamma-rays to the ground 
state which is also radioactive in most of the cases. We have measured the activity 
of the ground state of {X+1) nucleus. All the cross-sections were measured relative 
to I^^^, whose cross-section '^ ^) was taken equal to 0.820 b. In all the cases we have 
used a thin window beta counter for measuring the activation cross-sections, but in 
the case of In^^^ we have also measured the cross-section by counting the gamma-rays 
from the decay of In"*"" using a Nal(Tl) scintillator crystal. The cross-section of In^ ^ ^ 
when measured by two different techniques gave the same results within experimental 
error. 
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2. Experimental Procedure 
Fig. 1 shows the details of the neutron source. The Sb-Be photoneutron sources 
(1.7 cm diam. x 3.3 cm height) were obtained from the Atomic Energy EstabUsh-
ment, Trombay, Bombay. The irradiations of the samples were performed at a remote 
location, nearly 1.3 m from the floor of a large room, to reduce the effect of the scat-
tered neutrons. The neutron idux from the source was of the order of lO' neutrons/sec. 
tW3ll ThickT\«si> 
— A.55mmCB<^ 
4.35rr,.y>C6.0 
Fig. 1. Sb-Be photoneutron-source. 
An end window beta-counter, shielded with 5 cm of lead from all sides, was located 
in another building. The elements studied in the present case were obtained from 
Johnson Mathey and Co., Ltd., London, and had a purity better than 99.9 %. The 
subtsances, which were in powder form, were sandwiched uniformly between two 
thin cellotapes. The powder was encircled with a thin Perspex ring to have a fixed, 
well-defined area in all cases. The thickness of the Perspex ring was approximately 
0.5 mm, and its diameter was 1.8 cm. The following well-known formula^) was used 
for the calculations: 
{nv)Na = (Anldt\ e" 
(1- »-Ali ) (1) 
where (nv) is the flux of the neutrons at the place of irradiation of the sample, N is 
the total number of nuclei present in the target material, a is the neutron activation 
cross-section for the sample under study, (dw/dr),^ is the disintegration rate of the 
sample and X is the decay constant of the radioactive isotope formed by the absorp-
tion of the neutron by the initial isotope. In all measurements, activities were cal-
culated at zero time by extrapolating the half life curves. Thus f 2 was kept zero in all 
cases. The following formula gives the disintegration rate ^): 
(d«/dO = ClGe. (2) 
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Here C is the counting rate measured experimentally, G is the over-all efficiency factor 
for the present geometry, e may be expressed as the ratio of the radiations passing 
into the counter to the radiations emitted by the substances coming towards the de-
tector. Obviously e may be given by e""""*, where /i„ is the mass absorption coefficient 
in cm^/g and d is the effective thickness in g/cm^ traversed by the beta-particles before 
entering the counter. The value of d is given by the window thickness of the counter 
and the cellotape covering the source plus half the source thickness. When radio-
active nuclei decay through the emission of beta particles of different energies, the 
respective values of fi„ were used for each energy of beta-particles taking into account 
the proper branching ratios. 
The flux of the neutrons at the place of irradiation was not measured directly. 
Potassium iodide was used as the standard substance whose cross-section ^' ^) at this 
energy was taken equal to 0.82 b. If we compare the disintegration rate of the sample 
with that of I^^^ under the same geometry, then the value of the unknown cross-
section can be calculated easily; V^'' was selected as the standard because iodine is 
mono-isotopic and also the decay scheme of I^^^ is well known. In all the cases the 
sample to be studied was sandwiched between two standard samples of potassium 
iodide. Thus the value of the neutron flux at both sides of the sample was measured 
and the mean of these values was taken for the purpose of calculations. The half lives 
of the various activities and the energies of the beta-particles emitted by the various 
radioactive nuclei were taken as given in refs. ^~ ' ^ ) . 
3. Discussion of Errors 
Errors may be introduced in the estimation of the total number of nuclei present 
in the sample. This can be due to the impurities present in the sample as well as error 
in the weighing. The samples were about 99.9 % pure and the weighing was performed 
up to an accuracy of 0.1 mg. Therefore the overall error in N was estimated to be 
about 1 %. The accuracy in the measurement of (nv)G (flux x geometry) will depend 
upon the reproducibility of the geometry; the error due to this factor was estimated 
to be about 2 %. 
The presence of thermal and scattered neutrons may introduce serious errors be-
cause the cross-sections at low energies are quite high. In our case since the irradiations 
were performed at a remote location and in a large room about 1.3 m from the floor, 
therefore the contribution due to the scattered neutron was almost zero. To check 
the presence of any thermal neutrons at the place of irradiation we measured the 
cross-section of In^^^ after placing the sample inside a cadmium container. The cross-
section measured in this way agreed with that measured without the cadmium con-
tainer. This proved the absence of thermal neutrons. 
The irradiation time was measured quite accurately up to an accuracy of better 
than 1 %, thus any error due to this was very small. Detection of gamma-rays by beta-
counter may also introduce some error in the measurements of the cross-sections. An 
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error about 2 % was estimated to be due to this. In addition to the above errors we 
have some statistical error which will vary from one case to another. 
4. Results 
Activation cross-sections at 24 keV for eleven cases are given in table 1. The results 
are compared with other measurements wherever they are known ^••^'^^). In general 
our cross-sections values are lower than other reported values. In Ag^°^ andTh^^^, 
our values are in agreement with those of Macklin et al. ^). 
TABLE 1 
Neutron activation cross-sections at 24 keV, relative to I'^' whose cross-section i. ''•) at this energy 
was taken equal to 0.82 b. 
Target 
nucleus 
X 
Half life of 
X+\ 
Measured 
cross-sections a 
(mb) 
Aa{n, y) 
(mb) 
Earlier 
cross-sections 
values 
Mn" 
A g " ' 
Cd"* 
In"" 
In"=^ 
Xei28 
Dyi64 
Ho"» 
L u i " 
A u " ' 
Xh232 
2.55 h 
2.4 min 
56 h 
2.5 sec, 54 min 
13 sec 
9.3 h 
1.3 min, 139 min 
27.3 h 
3.7 h 
2.7 d 
23 min 
40 
840 
240 
580 
220 
66 
190 
990 
1670 
500 
480 
3 
90 
25 
40 
30 
11 
20 
70 
120 
35 
50 
55 "), 52 f), 78 '') 
930='), 1100'=) 
805 a), 980 ") 
330") 
1120 »), 890") 
500 ») 
») Ref. 1) ") R e f 2) «) Ref. " ) 
The high values of the cross-sections reported by others may be due to the presence 
of the scattered neutrons at the place of irradiation of the sample, because at every 
scattering the neutrons will lose energy and the capture cross-section of the target 
nucleus increases with the decrease in neutron energy. If the sample is thick enough, 
there will also be some self-scattering in the target material giving rise to higher values 
of the capture cross-section. The high values of the capture cross-sections obtained 
by other workers may also be due to the presence of the shielding material around 
the source. 
In In^^^, we measured the cross-section through beta decay as well as through 
gamma-decay using the level scheme as given in the nuclear data sheets ^). The cross-
section through gamma-decay was measured by counting the total number of gamma 
rays emitted in the decay of In"*"", using a Nal(Tl) crystal coupled to a photomulti-
plier tube. From the total number of gamma-rays detected, the disintegration rate 
of In^^*"' was calculated. The cross-section of In"^ measured in this manner taking 
I^^^ as the standard was in agreement with the above value. 
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In In^'^, the measured cross-section is the sum of the cross-sections for the reaction 
In*i^(n, y)In"^'"" (2.5 sec) and In'^^Cn, y)In'i®'"' (54 min), because the 2.5 sec 
isomeric state decays directly to the 54 min isomeric state. Similarly in Dy^^*, as the 
isomeric state is short lived (1.3 min) and it decays to the ground state (139 min), the 
observed cross-section is therefore the sum of the cross-sections for the production 
of the ground state as well as the isomeric state. 
5. Comparison with Theory 
We have calculated the capture cross-sections at 24 keV for all the cases. We have 
followed the method of Booth et al. ^). The following relation is used for the cal-
culation of the cross-section: 
= y \n\ —^  \-(bny\\ - \ exp(-r)dn 
r 2(2/+l)' I £„ I Dl ^ ' \ Jnh ^ ' ' J V^ 
, (3) 
where 
b=-.rM2v^rl), 
and / is the spin of the target nucleus, / is the total angular momentum of the com-
pound nucleus, £•„ is the energy of the neutrons expressed in eV and VQ is the pene-
tration factor (taken equal to unity for zero angular momentum). The quantities 
Fy, D and r ° are experimentally measured i^-ie-^ radiation width, level spacing and 
reduced neutron width, respectively. The values of these parameters were taken as 
the average over all the s wave resonances. It is assumed that the contribution due to 
the p wave neutron is almost zero and the low-energy resonance parameters can be 
used at 24 keV. 
In some cases we have calculated the average level spacing for each spin states of 
levels excited by / = 0 neutrons, by using the data given in ref. ^^). For zero-spin 
target nuclei the average level spacing has been taken to be equal to the observed level 
spacing, whereas for non-zero-spin target nuclei, the average level spacing is taken 
to be twice that of the observed level spacing ^^). 
In Mn^^, Ag^°', Au^^^ and Th^'^ there is no isomeric state and the observed 
cross-section is for the production of the ground state which means that it is equal to 
the total capture cross-section. The calculated cross-section is also equal to the total 
capture cross-section. We find that there is good agreement between the observed 
and the calculated values in Mn^^, Ag ' ° ' and Au^^'. In Th^^^ the observed cross-
section is higher in comparison with the calculated one. In this case we calculated 
the value of D using the data given in ref. ^^). It is quite possible that in Th^^^ some 
of the weak resonances might have been missed resulting in higher value of D and 
low value of the calculated cross-section. 
The calculated cross-section in Dy^ ®'* is the total capture cross-section and as the 
observed value is also the sum of the isomeric and the ground state cross-sections 
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(total capture cross-section), we lind there is a good agreement between these. In 
In^^^, the sum of the observed cross-section for both ground and metastable states 
(2.5 sec and 54 min) is in good agreement with the calculated capture cross-section 
which is sum of the cross-section for ground and isomeric states. In Te*^^ the ob-
served cross-section is for the ground state while the calculated cross-section is for 
both the ground and isomeric states. At thermal energies, the ratio of the cross-sec-
tions of the ground to the isomeric state is approximately 9; assimiing the same ratio 
to hold good at 24 keV, the contribution of the isomeric cross-section will be about 
TABLE 2 
Comparison of experimentally measured 24 keV neutron capture cross-sections with the values 
calculated from low energy s wave resonance parameters 
Target nucleus 
a experimental (mb) 
a calculated (mb) 
Mn'*' 
40 
35 
A g " ' 
840 
952 
Cd^" 
240 
163 
1^115 
800 
813 
Xei26 
66 
65.5 
D y i " Ho"5 Lu"= 
190 990 1670 
203.5 935 1700 
Au"' 
500 
607 
^ 2 ^ 2 3 2 
480 
340 
10 % of the ground state cross-section. Taking into account the cross-section for the 
isomeric state, we find that there is agreement between the calculated and the correct-
ed observed value. In Cd^^*, the agreement is not good. For Ho^^^ and Lu"^ we 
have measured the cross-section for the isomeric state; in both nuclei the ground state 
is very long lived and the cross-sections for the ground state production are not 
known. So it is difficult to make a comparison between the observed and the calculated 
values. 
In general the agreement between the experimental and the theoretical values is 
good. This indicates that the assumptions made by Booth ^) for the derivation of the 
expression for the average cross-section at 24 keV are approximately correct. 
One of the authors (A.K.C.) is thankful to the University Grants Commission foi' 
awarding him a Research Fellowship. We are thankful to the Department of Atomic 
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Neutron-acdvation cross sections have been measured for about 40 nuclei. An Sb-Be photmieiitRm touice 
was used for the measurements. The cross sections were measured relative to V, whose croa eectkm xrea 
taken equal to 0.82 b. With these measured values of the cross sections, calculations trere made iiona tbs 
statistical theory of nuclear reactions, to obtain information about the panuoeter ^i^D/lvrTy, rrltsie D 
is the average level qMidng and r^ the radiation width. These values of ( were compared with tlites ob-
tained from low-«iergy resonance panuneten. In general there is good egrcemtnt betweea ths ccicnbkted 
and the observed values of {, which shows that the statistical theory is valid at this energy for all typs of 
nuclei. It was also foimd that {is a smoothly varying function of the c^ture crocs cactiaa r . 
N' 
I. IHTRODUCnOK 
fEUTRON-ACrrVATION cross-sectiona at 24 
keV have been measured for about 40 nuclei to 
complete the data on cross sections at this energy. 
Cross sections in the keV energy region are helpful in 
the design of reactors and in the study of tlie cosmo-
lo^ca) thecHy of elemient fommtion,' as well as in the 
study of nudear reaction theories.*"* All CTOM sections 
were measured relative to I'*', whose cross section was 
taken equal to 0.82 b.*' In all cases we used a tluii-
window beta coimter for measuring the activation cross 
sections. 
For very low energy one gets resonances in the 
neutron-capture cross sections which can be ordained 
nicely by Breit-Wigner formulas.' S<nne c^culations* 
of the capture cross sections have been performed in the 
energy range of 0.030 to 4.0 MeV for Hf»'», Ta»", W'**, 
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Au"', and Th*" nuclei. These workers hove caaifai^ 
the calculated value of the cross section t/ith the tskpsA-
mentally measturd vahie. In doing to tibey c4>t&i&s3 ^ 
value of a parameter l^D/lvVj Jpbat Ty is rodictiBa 
width and 17 is the average level spactsg) tTfasdi ^vea 
the best fit This value of ( was compared mtii tho vc£u9 
obtained bom low-energy resonance parsmetos.^ It 
was found that, ezcq>t in the case of Tb*^, the ct^ca-
lated value of | is very dose to the eqterimentei value 
obtained from low-energy resonance i»naxteterB. 
In the present work we hove putlfte meumed vshies 
of the cross sections into the eapreesioa for tht capture 
cross section obtained from the atotisticBl tibeory c! 
nuclear reactions and have calculated the vshts of I fiar 
74 cacto (from A - 23 to i4 » 232) at 24 keV. ^ 5 
( CO obtained corresponds to sero-cccig^ \ 
Frmn the values of the resonance porcQtStQSE^  
radiation width) and 27 (the averogs levd I 
values of ( were obtained for tl^ Cce^ 
parameters are known. To check die v&lulkjr el th6 
statistical theory, values of ( calculated faom tibs stott> 
tical theory are then compared vnth the values of | 
obtained fram rescmance parameteio. 
n. EZFERIIilEKTAL PDOCBDimB 
The Sb-Be {Aotoneutron eouroea xmt dbtQined fnmi 
the Atomic Energy Commission, Tiomba]^ B o ^ y . 
"Brookhaven Natkmal Labonitary Bq»st Mo. 123 flf. & 
Govanmsnt Printina and P u b & ^ ^ (M5a WcJIAatca, » • € , 
1953), 2i»d ed., &OT«L Na 1. ^ ^ 
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TABI.K I. Neutron-activation cross Motions At 24 keV relative 
to I'", whose cross section at this energy was taken equal to 
Targist 
nucleus 
X 
K« 
V" 
Cu*' 
Zn"! 
Zn«' 
Ga" 
Ga" 
Ge'< 
Ge'» 
Ge" 
St*' 
St*" 
Se" 
Br'» 
Br" 
Br" 
Ru'w 
Rll'M 
RJi"» 
Pd'* 
Pd"« 
Ag«H 
Cd"« 
Li"» 
Te'" 
Ba'" 
La'" 
Ce"" 
PJIU 
Sm"« 
Sm'« 
(3d'" 
Gd"» 
W«" 
RfJ" 
Re*" 
Ir"» 
Ft"* 
Pt"» 
Hg«M 
Pb«<» 
• SeeRef. 6. 
kSeeRef. 7. 
Half-life of 
X+1 
12.5 h 
3.8 min 
5.15 min 
13.8 h 
52 min 
21.1 min 
14.2 h 
79 min 
57 sec 
11.3 h 
57 min 
18 min 
70 sec 
4.5 h 
18 min 
36h 
4.5 h 
4.4 min 
42 sec 
Measured 
cross section 
ff (mb) 
30±5 
40±12 
2Q±S 
5 ± 1 
22:1:3 
50±5 
75±10 
20±S 
6S±20 
8±1.5 
7±1.5 
6 ± 1 
45±15 
80±10 
545d=4S 
5<Sai:75 
80±10 
55±25 
455±45 
4.8 min and 185±15 
13.5h 
22 min 
24 sec 
50 min 
72 sec 
72 min 
84 min 
40h 
33h 
19 h 
47 h 
22 min 
18 h 
3.7 min 
24 h 
89h 
17 h 
19 h 
18 h 
30 min 
5.6 min 
3.3 h 
1 
' 
120±15 
690^60 
270i:25 
260±90 
145:1:25 
7±1 
50:lrl0 
525±50 
100^15 
575±60 
460±95 
545:^120 
110±20 
155±20 
1765d:265 
875±80 
630±50 
145±20 
205±30 
190±45 
6.5±1 
• See Ref. 20. 
• See Ref. 18 
Earlier cross-
section values 
0 (mb) 
20,« 22,>' 26» 
50,* .59,'' 32.5« 
46,« 20,* 44* 
5.<),>' 6.1"» 
26,'' 24» 
151« 
68,* 140* 
54» 
550' 
211' 
200* 
540,' 290' 
;«X)'' 
11.4», 8.6« 
50«, 49h 
425" 
547 ,• 170b 
668> 
527* 
510' 
249,» 270^, 255« 
26S0> 
970* 
210k 
240^ 
• See Ref. 19. 
' See Ref. 21. 
The irradiation of the samples was performed at a 
remote location nearly 13 ax from the floor of a large 
room, to reduce the effect of the scattered neutrons. The 
strength of the source was of the order of 10^  neutrons/ 
sec. The elements studied were obtained from Johnson 
Mathey and Co. Ltd., London, and had a purity better 
than 99.9%. ->, 
An end-window beta counter was used for the 
measurements. The experimental procedure, errors in 
the measurements, and formulas used were the same 
as given in our previous pt i^er.'^  In a few cases, e.g., 
Zn", Br", Se*, and Rh'", the resultant radioactive 
nucleus was left in the ground state as well as in the 
first excited state. As the cxdted state decays directly 
to the |;round state by an isomeric transition, the decay 
of the radioactive nucleus from the groimd state does 
not follow the simple decay law. In all the above cccts 
the excited state is longer lived than the ground state. 
We use the equations" 
idn/dt)„= (»r)Ar,r,(l-«-^-'«), (1) 
{dn/dl\= (nt>)7VC(<r.-f«r,)(l-«-^.") 
-{X^./(X«-X»)}X(<rM._«-x...)], (2) 
where N is the total number of nuclei present in the 
target material; nv is the flux of neutrons at the place 
of irradiation of the sample; {dn/dt)m and {dn/dt)f are 
the activities of the excited and the groimd stctes, 
respectively, at the time of removaJ of the samide from 
the neutron source; /i.is the time of irradiation; and 
tfm, X*, <r, and X, are the cross sections and decay 
constants for the excited and the ground states, 
respectively. 
The half-lives of the varioiis activiUes and ^ 
energies of the beta particles emitted by the various 
radioactive nuclei were taken from the Uterature.**"" 
m . lESULTS 
Activation cross section at 24 keV are given in Tfifh 
I. The residts are con^>ared with whatever other mscfl-
urements are known.*-^ *'*"" In general, our cnn3 
sections are lower '^ than the values reported in ties 
Uterature. For Ga", Br«», La>», Ce»", Sm»»*, Gd»", ccd 
Re"', our values are in agreement with thoss of 
Macklin et al.,* while for Pt"* our cross section vahb b 
m agreement with that of Booth et alJ' For K*\ V**, osd 
Ba^ *^  our vtdues u e in agreement with those of Kooooov 
et oZ.« For Zn*» (13.8 h) and Zn« (52 mm), our c n o -
section values are in agreemmt with those of Bootli 
et al.,'' and ELon<mov et al.,^ respectively. For Cu** ear 
value is the same as that of Httmmel €t al.^ For W*^, 
Re'w, and Pt»»* agreement in this measured vahxes cf 
the cross section is poor, f^diile for Ga**, Ge'*, R b ^ 
Ru*'*, and Pd'" our values conqiletdy disagree t 7 ^ 
other values. 
The measured cross section in Pd'** b the sum t& tits 
cross sections for Pd***(fi,'y)Pdi** (4.8 min) tseA 
Pd"*(M,T)Pd>** (13.5 h), because the 4.8 min isoescsfc 
state doaays cUrectly to the 13.S-h ground stata la 
» B. Keifdi,-Flqpr Rev. 129, 7(9 (1963). • 
"Nttdmtr Data Shut. tomfOeA by K. Way 'U A (Frintiirtcrj 
OBet, Natknal Academy of Sdeoca-Natkiadf 1 PublUiing St*, ] ao. 
"A. E. Chaubey cad M. 
(tC3). 
L. Sehsal, NucL Hiys. 66, 2»7 
sawdk Cobndl, W«ilib|toiL25 D. C). 
« D. Strominnr, J. H. HolUader, and G. T. SNbai&' Uc7. 
Mod. ^ rt . M;18$ (1958). • t . 5 ' 
"R. E. Sand and M. L. V e^denbedc. Nod. Urn. SCL 03 (1962). 
>•?. N. Ttdwi and O. M. VanFMtcr. Phya. Rev. 121 2^ 3 (1962). .^ ' -
" H. W. Biandbont, Jr., and I. W. Cobble, Fhys. Re?. 13SL 
1323 (»62). 
"V. Hummd and B. Hamenne^ thyK Rev. SL 67 (1951). 
>• W. S. Lyon and R. L. M i d ^ PIQ«. Rev. uOeW (1959). 
»V. N. Kononov. lu. la. StevWd, and V. A. TciblSurr. I. 
Nttd.EiMi8]r,F&rt A, 11,46(195^^^ . 
«J. E. Vvvbr,HxaLntya.9.5&(1959). 
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Se''(n,7)Sc*' (18 min), the measured cross section also 
includes the cross section for Se"(»,Y)Se** (25 min) 
because l ie half-lives of Se*' and Se*' are very close, and 
thus it was not possible to separate the decay curves of 
the isotopes. The cross section for the popiilation of 
Se*' is 4 mb at thermal energies; therefore, at 24 keV 
the crossi section for the second reaction will l:>e very 
small. Thus our measured value of the cross section 
can be taken approximately as that for the first reaction. 
IV. CALCULATIONS BASED ON 
STATISTICAL THEORY 
There are two main assumptions in the statistical 
theory of nuclear reactions: (a)'that the Bohr picture 
of the compound-nucleus formation holds good, and 
(b) that there is overlapping of the levels at the excita-
tion energy where the compound nucleus is formed. In 
the keV energy region the first assumption (compound-
nucleus Formation) is completely valid. If the energy 
of the incident neutron is high (of the order of 1 MeV 
or so) tlie" second assimaption will hold good but the 
first assumption may not be completely valid, because of 
a small contribution of the direct interaction. However, 
if the energy of the incident neutron is small, a,s in the 
present case, and if there is a spread in the energy of 
neutrons, both of the above assumptions will be com-
pletely valid. The spread in the neutron energy has to 
be greater than the spacing of the levels so that many 
levels are excited. In our measurement of the cross 
sections we have used the Sb-Be photoneutron source, 
which hjis an energy spread of approximately 3 keV." 
This spread is much larger than most of the level 
spacings at this energy. The spread in the energy of 
the neutrons in the antimony-beryllium photoneutron 
source" is due to (a) Compton scattering of the y ray 
in the beryllium, (b) neutron scattering in the source 
itself, and (c) an isotropic distribution in the angle fl." 
Using statistical theory, one can write the exi)ression 
for the capture cross section as' 
Tr\' =0 r 
<r«(«,7)== ZlUE) 
1-0 L 
TABLE II . Values of (at. and £ai, obtained from km-<aenf 
nance data and bom the statistical theory, Ttspetdm^. 
2(27+1)1-
*y,^(2/+l) -I 
X L . (3) 
Here I is the spin of the target nucleus, j the chaimel 
spin, J the spin of a level in the compoimd nucleus, 
2jrX the de Broglie wave length of the incident neutron, 
£ , the energy of the nth excited state of the target 
nucleus, Ti the transmission coefficient of the fth partial 
wave, /' the angular momentum of the emitted neutron, 
Target 
nucleiu 
Na" 
Mg» 
Al" 
SI" 
CI" 
K« 
Sc« 
Ti» 
V" 
Max 
Ni« 
Cu" 
Cu" 
Zn" 
Ga" 
Ga" 
G<" 
Ge" 
A«" 
Se" 
S«n 
Br" 
Br« 
Rb" 
Rb" 
V" 
Zr" 
Zr« 
Nb" 
MoM 
M o i " 
Ru»« 
R u M 
R u W 
Rh"" 
Pd>" 
Pd'» 
A g i " 
Ag'» 
Cd'" 
Cdu» 
In"* 
Teu« 
Te"* 
im 
Cffu 
Ba>n 
La«" 
Ce"* 
Ce»« 
Prui 
Smu> 
Sm"" 
Gdui 
Gd'" 
Dy'" 
Ho>u 
Er"« 
Lu'" 
HP" 
Ta'o 
W i » 
W>" 
Re>» 
Re'" 
Irw 
PtlM 
PtlM 
Au»» 
HgM 
Hg«" 
Pb"« 
BP" 
Th«»» 
Value of t -
Ob«nred 
215 
161 
86.S 
10J4 
40 
77.6 
17S8 
2723 
4777 
35 
294 
225 
a 
51.6 
134 
39.2 
43.5 
166.4 
24.8 
320 
62.4 
S7.9 
17 9S4 
78 
382 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± ; 
± 
± 
20.57 db 
193.72db 
28 
19.2 
196 
23 
627 
255 
22.8 
42.9 
28.9 
116 J 
:k 
± 
± 
± 
± 
± 
± 
± 
± 
± 
44.58 ± 
76 220 
7955 
62 
46 
8.5 
415 
4 
16.6 
541 
871 
1435 
3.5 
91 
69.5 
12.2 
1S.2S 
3.7 
3.9 
4.3 
32.25 
5.1 
64.5 
18.8 
15.85 
>896 
15.67 
79 
3.97 
40.68 
5.S 
3.8 
76.5 
2 J 
133 
56 
4.4 
8.6 
5.7 
38.6 
8.98 
±62195 
d^SAO 
85.23 ± 17.69 
'D/2rri 
Calculated 
64 000 
56000 
72 000 
63000 
31500 
3000 
1450 
76 000 
1750 
2600 
11000 
750 
4200 
3150 
1650 
1050 
3600 
1125 
108 
7200 
1900 
107 
118 
400 
2950 
3400 
160 
4400 
590 
275 
420 
140 
78 
870 
88 
270 
380 
46 
64 
160 
150 
- u ••••'•"• 
-U !••**••• 
- U • » * • • " • 
-n •»*""• 
- « » • » • • 
-«••**• 
-m*"" 
±2000 
-m*» 
- « . • — 
MM" — 
-im*^^ 
-w«"» 
: t 350 
± 100 
± 70 
-m«»« 
_a,44n 
-a*" 
-IIM*"" 
- « • • * • • • 
-u+» 
J . - * 
J , + l » 
- • » • « 
- m * ^ 
.!.«« 
. i M ^ m 
- » » • • • • 
.»*» 
. U i « » 
-m*» 
- « • " 
. i t t * » 
± 14 
^ • * 
- • • » 
- . •» 
j « « 
- » • • 
- • * • 
X.S.M**-* 
1400 
393 
47 
34 
12 500 
1700 
3900 
63 
440 
61 
102 
84 
760 
400 
47 
235 
25 
160 
37 
215 
650 
32 
82 
125 
570 
405 
170 
1600 
400 
24 000 
69000 
88 
-••*••• 
.^,*m 
± 5 
M*<» 
-!•«•*••'• 
± 300 
- « » • " » 
- » • » 
:k 40 
- . « • 
- • • « 
_ » • • 
- « • • " • 
dt: 50 
± 5 
- » + » 
± 3 
± 30 
j » * " 
-»*•" 
- ! • • • ' • 
-4*« 
± 5 
± 13 
-»«• 
- • • " 
± 10 
± 300 
.*••"• 
-um"" 
-If •••*•' "• 
.u**» 
CaptMcraGO 
tect iM(Bt$ 
1.72^ « M * 
iM± 0M» 
tA A a » 
2 .09^ Ml* 
3.71 d: ar4* 
SO 
56 
2 J 
40 
40 
8.T 
105 
20 
27 
50 
75 
24 
73 
650 
13 
4S 
62S 
S60 
m 29 
28 
243 
22 
120 
209. 
148 
321 
386 
80 
510 
185 
ISO 
840 
710 
272 
270 
800 
73 
163 
S20 
900 
7 
50 
31 
525 
170 
S75 
460 
545 
110 
190 
»90 
29S 
1670 
441 
1400 
330 
155 
176S 
875 
630 
145 
205 
500 
S7 
190 
•.S 
M 
480 
:t 5« 
:!: se 
± Ojf 
± 12* 
± V 
A^*^ 
± 21* 
± y 
± f 
± s« 
± to> 
• ± i> 
± 20* 
:t:MO* 
± 2* 
± U' 
^ 4 S > 
it 75* 
±a» 
± <• 
:k t* 
± M» 
^ » 
:t 24* 
A 21k 
± 3f 
± 60» 
± 99k 
± 10> 
rt 70* 
db 1S> 
± IS* 
± 90< 
sfa 60i 
^ 2S> 
d: 25> 
i SV 
± 11< 
± 2S< 
±. 60k 
i^aa* 
±. i« 
^ 10* 
sfe 4k 
db 50« 
±. 40k 
^ «0> 
±. 9V 
dbl2» 
id 20> 
^ Vf 
d: 70t 
^ 3Qk 
dkl20' 
:fe<6k 
iAV» 
±\t» 
± 20-
:fe26S> 
db 80* 
db S0> 
:fc20> 
±a» 
ik 35> 
de ISk 
:k *y 
± f 
± M* 
dr S0> 
" H. W. Schmitt, Nud. Phys. 20, 220 (1960). 
"Experimental NucUar Physics, edited by E. Segri (John 
Wiley k !3ons, Inc., New York, 1953), Vol. H. p. 368. 
• See Ref. 20. 
>> See Ref. 6. 
• Table I of the preieiit measurementa and Appendix. 
'See Ref. 7. 
• See Ref. 21. 
• See Ref. 11. 
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FIG. 1. The values of { for even-even and odd-even target nuclei are plotted against the neutron number of the twget nucleus. It 
is clear from these curves that at the majpc numbers of neutrons there is a marked increase in the value « (. 
and e,j' the statistical factor defined as'^ 
= 2, if both j i and j j satisfy \J-l\ ^j^J+l 
«,/=l , i f j ior j2 (notboth) satisfies | 7 - / | ^ji^J+i (4) 
= 0, if neitherji norj2 satisfies | /—/| ^j^J+l. 
{j is defined as Dj/2wry'-'\ where r^'-'' is tKe radiation 
width and Dj is the level spacing between levels of 
same spin and parity. The value of {/ has been taken 
to be independent of / by other workers.*' Therefore, 
instead of {/ we have taken i=D/2irTy (where D is the 
average level spacing per spin state and Ty is the 
radiation width). 
The neutron transmission coeflBcients can be calcu-
lated using the data of Campbell et al.^^ They have 
tabulated the quantity ac(0/xl? for a number of 
values of the parameters * and X^. In this quantity I is 
the orbital angular momentum of the neutron and R is 
»«M'. Hauser and H. Feshbach, Phys. Rev. 87, 366 (1952). 
" E . J. Campbell, H. Feshbach, C. E. Porter, and V. F. 
Weisskopf Massachusetts Institute of Technology Laboratory for 
Nuclear Science Technical Report No. 73 (unpublished). 
the nuclear radius in fermis given by** 
/2=[1.2S.4»/»-f0.5]F. 
The parameters x and XD are dimensionl^s quantities 
and are defined by the following equations*': 
a;=0.22C(^/(^ + l))£.]i'«2f (S) 
(here £„ is expressed in MeV) and 
Xo=0.22[(^/(^ + l))7o]"*iJ (6) 
in which the nuclear potential VQ is taken to be 52 
MeV. The transmission coefl&cient is given by the 
equation^' 
LTi2»J2/+l (7) 
and thus can be calculated from the quantity <Te(t)/irR*-
For finding the value of the transmission coefficients 
Tt, we have taken the spherical complex-well potential 
•• Fast Neutron Physics, Part II: Experiments and Theory, edited 
by J. B. Marion and T. L. Fowler (Intersdence Publidiers. Inc., 
New York, 1963). 
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Fio. 2. The variation in the value 
of log£ with measured croes section-
It is evident that log{ varies txpaaea-
tially vnth measured cross section. 
with difiuse edges, because it gives better results than 
the square-well model.* In calculating the cross sections 
we have included the contribution of the angular mo-
mentum of the incident neutrons up to /=• 2. 
In the expression (3), £ , represents tlie energy of the 
nth excited state, and j,,= i ,±J is the spin of the 
system, where i« is that of the nucleus. For the ground 
state, the energy and spins are denoted by £o=0 and 
to, respectively. The svmi over n includes only those 
terms for which the energy of the excited state is less 
than the energy of the incident neutron ( £ , < £ ) . The 
sum over V, the angular momentum of the scattered 
neutron, includes only those terms which conserve the 
I)arity of the system.' 
In the expression for the capture cross section, the 
iiinction /A/ , which gives the energy and level density 
dependence of the radiation width, is given by 
«»^+«p(B-l-£-«)rf«, (8) 
where £ is the neutron binding energy, £ is the CDOgy 
of the incident neutron, and the level density p(£0 ftt 
excitation Ef is given by 
p(£')=CexpC2(a£0"*]. (9) 
c and 2A7 are the energy and multipole order, nspeC' 
tively, of the gamma radiation emitted in the decft3r.<rf 
the compound nucleus. It is assumed that dipde raJdi^  
ation predominates.*^ To calculate /AI-, different vahus^ 
of a correqxmding to different isotopes were taken, but 
all the values of /A/ were found to be abnost the tame. 
The values of / A / were also calculated for different 
values of B, but again there was not much variatioa. 
For instance, when B was taken equal to 4 MeV and 8 
MeV, the values of fu came out to be OMU and 0.994, 
respectively. Therefore the value of fi at 24 keV was 
taken equal to 8 MeV for all the cases, so that the value 
of /AI at 24 keV came out to be 0.994. 
" B. B. Kinsey and G. A. Batthtdomew, Phys. Rev. 93, 1260 (1954). 
" E. Erba, U. Facchini, aiMl E. S. NenicheDa Nnovo qmento 
22, 1237 (1961). 
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FIG. 3. Tlie ratio &»i/{obi plotted against the mass number A. 
V. DISCUSSION 
Values of { for difierent isotopes are listixi in Table II. 
In this table the plus sign of the error in the value of { 
corresponds to the minus sign of that in the value of e. 
In Fig. 1 are plotted the values of ( as a function of the 
munber of neutrons in the target nucleus. The curves 
for even-even and odd-even target nuclei are shown 
separately. It is dear from these curves that at the 
magic numbers of neutrons there is a marked increase in 
the value of (. Also it is interesting to see in Fig. 1 that 
the curve for even-odd conqMimd nuclei is above the 
curve for odd-odd compoimd nucleL In the r^on of A 
around 140 the value of ( for even-odd compound nuclei 
is greater than that for odd-odd compound nuclei 
approximately by a factor of 7. 
Figure 2 shows the variation in the vdue of £ with 
measured cross section. It is evident tliat log{ varies 
exponentially with the measured cross section. From 
this curve the value of { can be obtained immediately 
if one knows the value of the cross section for any given 
case. 
The values of { listed in Table I are for neutrons of 
zero energy.' One can therefore compare these values of 
( with those obtained from the low-energy resonance 
parameters to check the validity of the statistical 
theory. The observed values of ( have been listed only 
in those cases where r , and D axe known.'* To obtain 
the values of £ from the resonance parameters, ths 
average level spacing D for zero-qun target nudet wt3 
taken equal to the observed levd spacing, while' for 
nonzero-spin target nudei the average levd apwaoQ 
was taken to be twice that of the observed levd 
spacing." Figure 3 shows the ratio of ^b/{*ba fAottei 
against the mass nimiber A. The points shown in Fig. 
•3 corre^Mnd to both even-even and odd-e^en target 
nudd. It is dear from the figure diat most of the points 
lie around the line corre^Mnding to the ratio 1. His 
points which lie away from that line display no system-
atic behavior as a function of the ntunber ai neutnma 
or protons in the target nudeus. As was pointed out 
earlier, the value of { obtained from Eq. (3) correspond!} 
to zero energy of the inddent neutrons. Therefore com-
parison of the calculated value of { with the value ob-
tained from low-energy resonance parametos has soms 
meaning if the radiation width Tj and the average 
levd spacing D are known at very low energy. In StP 
and Rb*<> the first levd is rqwrted at 2 keV and 3 J 
keV, respectively; hence, in these cases (.tM does not 
correspond to zero energy of the inddoxt neutrons. So 
in these cases the comparisons of (esi rrith lea have Cttis 
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meaning. In the cases of Pd"«, Te»", Dy»**, and Pt»" 
only one level is r^wrted," and the level spsidng has 
been obtained on the basis of that level, which may or 
may not be correct This may be one of the reasons why 
the points corresponding to these nuclei lie far away 
from the line corresponding to the ratio 1. 
On the whole the statistical theory holds good in 
most of the cases. In order to check it thoro\ighly, 
precise information about Ty Vmd D is required which 
u not available at present. 
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APPENDDE 
There are isomeric states of half-lives of 48 sec, 270 
days, 5.5 h, 43 days, 113 days, and 33 days in Ge'^ , 
Ag»", Pd"«, Cd"*, Te»**, and Tei«, respectively. The 
cross sections for the population of these states at 
24 keV are not known. At thermal energies their cross 
sections are 20%, 2.8%, 25%, 13%, 11%, and 12% of 
the ground-state cross section, respectively. We have 
taken into account the contribution of the isomeric-
state cross section for the above cases, assuming the 
.same percentage population to hold true at 24 keV. The 
UOBS lections shown in Table II for the above cases 
dius are the total capture cross sections. 
In the case of Zn", Ge« Br» Se«>, Rh»«, and In"' 
crow sections for the isomeric and the gronmd states 
were measured sepuately and their simi was taken as 
the c^ture cross section in each calse. The Pd"", 
Dy>**, and W"* isomeric states decay into tie ground 
states; also the lifetimes of these isomeric states are 
vety small in comparison with those of the groimd 
states. Thm the measured cross sections for the ground 
state abo include the cross sections for the population of 
die isomeric states. 
For Nb** the half-life of the ground state is very large, 
and in Lu"* the groimd state can be taken as stable. In 
both cases the cross section for the population of the 
ground state is not known. The measured cross section 
of the isomeric state has been taken equal to the capture 
cross section in each* case. Nb" gives rise to isomeric 
state of spin 3~ and ground state of spin 6+. As pointed 
out earlier, the absorption cross section for the produc-
tion of the ground state of spin 6+ is not known. This 
cross section can be larger than that for the production 
of the isomeric state of spin 3~, depending upon the 
spin of the compound nucleus formed. The compound 
nucleus Nb** can have the spin 4+ or 5+. The cross 
section for the production of the ground state will be 
larger** than for the isomeric state if the compound-
nucleus spin is 5'*'. If the spin of the compound nucleus is 
4'*', then the contribution to the capture cross section 
from the production of the groimd state will be very 
small. Thus, depending on the compound-nucleus spin, 
the ratio feai/feb. will change to lower values. Similarly 
in the case of Lu"', the addition of the ground-state 
cross section would have lowered the ratio (aa/£ob>-
For Ho'*' and Bi'"* the isomeric states are very long-
lived and the measured cross sections are for the ground 
state only, they are also taken as the Cloture cross 
sections. It is to be pointed out that the long-lived iso-
meric states in both cases are hi^-^in states. On the 
basis of isomeric ratio rule** it is expected that the cross 
section for the population of these high-spin states must 
be very smaU in comparison with that for the low-spin 
states. 
The cross section for the Se** ground state and the 
cross section for the Ta'"' isomeric state at 24 keV are 
not known. At thermal energies these cross sections are 
very small. Hence we have neglected these at 24 keV in 
comparison with the cross section of the isomeric and 
ground states, respectively. 
In Table II the measured cross section for the Cd"* is 
that due to the ground state only, since the cross 
section for the isomeric state is not known. In this 
case Ty and D are not known, so this case is not included 
in Fig. 3. In the case of Cs'** only the cross section due to 
the isomeric state is given in Table II, since the cross 
section for the ground state at 24 keV is not known. 
(1960). 
R. Huizenga and R. Vandenbosch, Pbys. Rev. 120, 1505 
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Dapartsnenb of l?hy«iot« Ii3ilg«rh IfasllatrxiiTortit;, ^Ligsri^ (iBdU). 
ZtODorio oroi»»t9<^ion rotiot vers aoaiiarod for tho oapturo 
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Wum a target mtAma oefrturea a low energy aautroa It givea 
rise to_aa exetted mdeas vAii^ roTerte to the ground state In a very short t iae 
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NEUTRON CAPTURE CROSS - SECTIOMS AT 24 KeV 
AS A FUNCTION OF THE NUMBER OF NEUTRONS IN 
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SO 
0 . 0 9 t 0 . 0 l • 0.188 ± 0.040 0.888* 
0.28 -LO.08 0,181 ± 0 . 0 4 0 * 
O.USIP.OIO 0.6S8-t 0.140* 
, o.iss-to.oisj • j^  
) .2410.02 0 . » - to .010^ 0,48 
f 0,108 ttO.OS e 
0.07110.007 0.138 o . isr 
O.OS2-£.O04 0.188-1.0.081 
0.7440.10 0.788 t . 0.070^ 0.744* 
O.OS910.008 0.284 ± 0.0^0 
O.SSiO.Os' 0.158 ^ 0 , 1 8 8 * 
rntwnom 18 
r«if«r«no« H 
r«f«*raiB€«a 18 
r9fer«aea 17 
rafaranoa talfta X of tha praaai* aaaaarBiaitia 
r9teri3A9 IS 
rofaraBoa 18 
rafaraaoa 20 
rafftraaea 81 
s 
th«t tar 8a'*, S«^ ®, Br^^ m^\ f^^ BadSe^ SO the TBIU* of ' ^ I rv^ laar«es«s 
«ith th« inertacv inth« isdJai* iwitrea energy, Tfhile ia th« oeto of flki'®, Iv?-^^ 
•ad th«r« i« aot nMoh TarlgtloB l a t h * 'TIIU* of <M^  //^ .-^  « X« g«a«r«l tk 
i t trao th«t '^ H^/N (ir>^-^ iBerea««i wtfch th« iser«as« in laoidoxt: nsntrea oavrgy* 
Thlt ! • to baosftiis aa aaatroa 9aer|;y iaorsaest higher •isAuea of aag^ler menaflbuis atatts 
takli« ]>ar% aad thasa will pofnlata high api« a^ aka a»ra than t ^ law t^ia tbt^a* 
i n . QlLmnSKM OF iSGKiBie CS0SS.SSOriC» RisriO 
Mat^  ivBi'lcera have triad to oaloulate tho valua af (T\^ , a weiaar 
XaTil daaaity paroa^^r, nhich ohft]:^  Ob art xaa tha ipia distrllntioa af mtftaar laval 
daaaity. Othar luvaatigatora'^'^ hara attanp^adto olitaia aeaie iafomatioa about 
tha laval daaalty pannatar, (p\^ , ttaiag dlffaraafc mathoda* Haiseaga aad vandaaboa 
Mlaalatadtha vtixio of ff\^ firm tfa« laenario oreaa-aeotioa ratlaa* Tha aailiar 
E^«A 1,6 
rapoi^ad iveiic ' givaa iafoisctioa shoot C\^$ aealily at thaaal aaarglaa* 
Obvlocialy aagr othar iafisxBatlon about (Tv^at othar eaargiaa trill ba vary impoxtHit, 
Tl^ e laa«arie oraa»>8ae^ioa rat lea tor laonaria paira prodtioad by 
(%A) raaOtion at 2i kaT la oaloulatad la t-No rsala parta foil owing tha ii«Ahod af 
Bhisaaga aad Tandaiaboaoh •"• Tha first part iaeaudaa tha oalaalatina of probability 
for tha foaaartiba tr Mopauad molauaj* Tha aaooad pait Indhidas tha oaaiputatlaa of tha 
qpia diatribatioa follo-wiag tha gamaa raya amiasioB. 
?fh«tt 24 kaT aoar^ y^ saatn>a is Gi^ tnrad \rj a azcdaus* s iistribatleli 
la Bpim of tha oostpouad molaaa la ohtnlaad, tihich oaa bo oi^oaiatad frega a knoidadga 
of tha oroaaosedtiott for tha fonaatioa of a oompouad aodlaua of q>iB J^ lA aaotron 
boBtlfarding aaargy S • Thla orrtaa-aeatioa la glvaa 1 ^ 
5L 3+^ 3 : ^ ^ 2_7^^| 
y^^rmi,/)'^ 8^ 6a ftroglle imv Icagth of th« Inocaiag prejvotil* , I i i th« spin 
of th« t«rg«t: xuflilsiif, • 1* th« tpln of th« projcebil* aad i i equal to 3/2 tor 
iwutrona, Tj^ (Bl} ! • traJuniBiion oomtfioimttn for a«at2«nc with orMt«i angalar 
nflnwx^^a (} aad energy E* The total oroas-ceObioa for the fomotloB of a oonpouad 
BUQieitB la given by the son of the partial croas-aeotioBa for al l the iadlTidaal 
aplBa and ia oxcreased as : ^ '^^c,^J . Therefore the probability, Pj ^ j^f 
proau^ag a eoepouad mdleua of apla JQ ia given by 
( t ) Pj^ . ^U,,^^)/ Z. '^CJt^E; 
J-t>6 
The eoepouad mi;^mt foised by the eapture of awtroBa haTing a kmva 
qalB diatribation nov de(»ya by the v i a s i o s of dipole gmmm radiation. The 
denaity of l eve l s poi»ilat«d by th« deoay of the oonnouzid wcfleoa i a givui 1»y ' 
f(V '- fc^j C^^D ^[-JC^^-U/^-K] ( » ) 
where ( {4) i s the denaity of levala having apis J, /(O) ia the denaity of l e v ^ a 
having aero apin end ( 7 \ l a a itaraaieter ohnraofceriaing the apin diet ri taut ion of 
the level denaity, Uaing e<|aa» (S) and (S) and the sethod given ^airitere^ the 
iaeaierio oroaa-aeotion ratio ( '^^/^j ) «aa eeloalated at t4 keT far all th* 
eaasa for nAl^ the ezperimeBbttlvalue of the eraaa-aeofcioa ratio waa kaom. 
In the above net hod e^aoBerie ratio oaloalatloB M e maiber of gaona 
i^ya* X? » enifeted in the prieeas of oampoand mtdeaa de-exoltation and the 
apin fall iiff parwefcrtr 0\^ , are both v»rt.aW|». I f one of th^ae two paranatera 
Tabln n 
Tabl« II fhowf th« tptn digtributioa in th« o<apound nuolMii for odd-ewn targert mtaoi* 
T«rg«t FfobabUity of th« foxnistioii of oonpoaxid zudaaa with diff«r«zt J Talues 
•r^* 0.1289 0,3065 O.S770 0.1875 O.OOQl 
l l i ^ ° ' 0.8885 0,5958 0.03J2 0.0002 
la"-^ 0,0001 0.0052 0.4487 0.5448 0.0060 0.0002 
T«bl« i n 
/' 
T«bl« thovt th» spin digtribotlon In th« ooaBpound mcdMi fbr •ir»n-«'v»a targiA mallei. 
i LJ,n"r, ;.,',,:, • r = ; i : : , . '::,,.,' \n ;'. ; '•- „'; ' ' ' , : : ' ; ;" ', . 
TatgB* ??obsbiltty of foswatloB ' of ooMpouad oioltas irlth t^lff^reat J valuss. 
aaiiaana J r l / 2 J « 8 / 2 J « 8 / 2 
J I 
Ifr" ^.6955 C.S0t!4 O.OOOS 
CW* 0,6024 0,5974 0.0002 
p^^ C.6800 0.5197 0.0001 
jfj^ 0,9761 0.0252 0.0007 
/ i jo 
f « 0,9647 0,0524 0,0029 
164 
% 0,7684 0,2804 0,0012 
It kaovathe Qth«r oan b« o«l<3utlflit«d Vjr ooapnrlsg the •xp«rte«afealljra««Kir9d 
<fi>lu«« of th« iioracrle oro«»-iit<*ioa ratio vlth th« th«or«fclo«ll7 ooapnitad Talues. 
88 It huB tosn shown by Ozvihar «ip iil froa the ir sbudy of otpturo g«gnia r«y apadbra 
th«t X) l i o f h«tvs9B S and 4 for A > 100 and b«k«««B 2 aad 8 fbr A <^ 100. 
SB Aa approxlmafto azproailoa hai bsoa gi^aa by Sroshar «t al for th« aTorsga atabar 
of gcHBa raya aaittad l a th« d»-«xeit«tloa ef a ni«a.«aa of azoitatloa aaorgy 1^ t 
V « •J"^ '^> (*) 
Xath« aboTe ai?>r«88ioa *•• i s th* I Q V ^ danslfcy paroBe^'jr whio^ givaa th« »A* 
d«paad«ao9 of thg level dwnaity and also i t haa b^sa assuned that osOLy tha dipola 
K«aaa rays ar« «&itttd. 
lY. RSS0LT8 OF fmQia.mtJ(l lOTIS AVD DlSCffSSlOi 
l a ta^aa XX aad XXX tha i|»la dlstribrtioa in tha aoapound molcns has 
baaa tabalatfd for odd-avan arul aTnaa-aTen target luolad/ roaptotiT^y vfaioh was 
Mlculetad ual39g Axprosaioa (B). It ia aTidarA fros thaaa tabi|as that ia th« eaao 
of Br ' th« probflbla ooiiipouad ;aiol<us apla i s 1 or 2 « ia WaP^^ it ia e or 1 , 
iK Ia"-8 i t oen bt 4 or 5 uhll • for trfi^, Sa^^ 5*®°, Pd^ OS^  ? « ! » aad By^* tha 
otwpouad nteleus i^ia i s 3/2* ¥rtm tabla I ib i s S»CB thgt ia al l tha abora oasaa 
erosa-sectica fbr the iaoTiaric atat« havlsg spia <aosa to tha oewpouad aidlaus la 
giraatar thoia tha erost-sadtioEi for tha othar stert^ axoopt i a t h a oasa of Str^, 
in vhioh cross^seoblofi for both th« at etas ar« tha aana* This s^ t^rs that the 
iaasiarlo state haviag epia oloaa to th t cootpou&d mdflus i s fatourad* Thas 
dar Mataosiaa and floldbabar 8«Bi»sBpirioal ntla also holds good gt 24 kaT for 
tUl tha t^pas of Tueilai, o7«»*aT9a as well aa odd-avea. 
CtlOBlstsd rtlv of laoi 
iB th<t tabl« glvea (N-
Targ«fc 
mnOLmt 
Sa 
9«^« 
SO 
lr '» 
gjjlOS 
Fd«« 
I « " « 
T,l'° 
i5r^«* 
. (II«T"^ 
14.98 
1!,T7 
18.69 
18.16 
6.84S 
6.«7t 
6.814 
6.684 
T«lft« XT 
isrle Qrea#-t«dbioB rgtlo 
^ i < ^ glY9li th« lN»Ct f i t 
(3 
S 
s 
4 
f 
8 
4 
8 
8 
6 
8 
6 
5 
8 
S 
8 
4 
8 
for (\-
with ths 
t, 8 and 4. Jhm l a s t oolttsa 
•sp«ria«i^fllly v«*Mr<JMl ratio. 
0«l«Ml«t«d iseK«rio •rot»<>«««klea r«ti» 
X- 1 
0.0139 
0.088 
0.098 
0.116 
0.«808 
0 . » 8 
O.SSf 
0.068 
0.0S4 
0.0046 
0«ff4 
0.811 
0,178 
0.817 
^' 8 
0.0786 
0.197 
0 . » 8 
0.166 
0.8817 
0.488 
0.868 
0.161 
0.08iS4 
0.688 
0.808 
0.408 
0.479 
<r\u 4 
0.0977 
0.868 
0.871 
0.180 
0.8708 
0.880 
0.876 
0.848 
0.0876 
0.818 
0.18 
0.846 
0 . 4 H 
0.840 
^ - ^ 8 
0.0486 
0.098 
0.18 
0.81 
Baak f i t v«lv« of 
C7V 
> « 
• a s tO.SS 
« - W - o . i i ^ ^ - * 
i . 0 . U 8 •^'•*^ 
< • 
< i 
' . - . l . . * - ^ ' - * * 
8.88 „ +°*<^ 
• 0.05 
t . 8 -t .0 .08 
> ® 
• ' " • 0.40 
> • 
> 4 
1,6 ± 1.6 
< 8.8 
< 8 
In table XTth« -?»lu«i of 1^ and *a* ara gi'van ufai^ war* takaa 
tram rafarsnad 29. Tha ^nlua of apis fall off par<iai«fcar idliioh givaa tha <Ml<Ml«tad 
Yal«« of '^/'^T «<P«^ *o *^» exp«rfci9i*8l velue for giraa ^»«l«a of "O ara 
alao l i s tad la tha acne tabla. l a tha ease of ZK^®, CJa^ *, Pd^°8 aadTa^*^ tha valuaa 
of WQ and 'a' ara no* glvoiu Fbr 2a^8 %ji^  Talue of apin fai l off pann«(sar i« glvaa 
for thraa Tsluas of sa l t ipHoi ty , 1M 0a i f ^ i s takea 2, than tha CK^ 
oaaaa out to ba oqual to 4 iaad i f S) ":- 3 than <^ <^  t . If "O it Author 
Inoraasad tha TaVaa of C\_ will daoreasa aceorlini^y. In 1? "U ia ttkaa 
6 than tha lower liastt of (js^ ooaaa owt to b« »qpa«3. t o 5, laTa^*' i f T> - 5 
(as ia tha valaa In tha naighhoariag naaQLai) then tha lonrar llrsit of (?\^ (xm^B 
out to 1» 9qual to 6. If hlfher Taltsat of ^ flra takaa than thay taUl ftitthar 
daaraaaa the TBIMOB of CTv- • Whan "0 "^ .S tha loirer l i a i t of ^\/ ahiflii 
t o 4* In Djr" If l) i s taitaa 8 ( as la th« rnlua in tha nelghhourl^ naolai ) thaa 
tha uppar Unit of (7\_ ctsaas oat t c be: 2 , 'shile for V 'A tliia H a l t thlfta t o 
8*5 and fer i ) z- S tha appar l l n i t of (TNJsaooaoa 3.8 • In ganaral i t i a aaen 
that in ril tha abota oases c>\ ^ ies ^^ **'» ranga 8 •{_ 1. 
T. MBBPT BSPlB?BimCS OF ^A&T) ^ . 
Fell Old qg tha aathed as disoaaaod aarlier, tha oalailatlons of tha 
Isonarie eroaa-aaobi'sn ratio*? nare parforaad la the oaaa of 8r*^, s h ^ ' and It^i-S , 
Thaaii oalouletiena wara parfomad at Tmrioua enarglec to study tha acargy dnpandaaca 
of <^^f tha apin fs l ] off psramater* Tha ealoaketad Tolaa* of iaoneria oroaa-saotlea 
ratios for differei*; TBIUOS of ^^^ tfere ociEparad with tha ajjarioaafcally kODim 
Taluaa of the isomcrlo oroBs-secfeioB ratios sad tha valua of C\^ nnhieh givas 
tha baat f i t -nsre ealoilated ia all tha abova eas«s* tor thaaa ealotilatioas tha 
TBlaas of tha ffiroas-aeefclcsa at diffarert; anergiaa vara taken froB tha raaolts of 
'varieas woAars"*^*"^*^. Aa arror of 15^ was t iran fx ia tha ascpariaaital -valaa 
• f ^^/(TvT ii) erainar it i s not givaa* iRiila caloalatlx^ tha ist^arie oross-oaotioa 
-lA 
0 . 
z 
u^ 
11 
Of 
0 
u. 
b 
0 
UJ 
u 
z 
uJ o 
z 
UJ 
Ui 
O 
> 
Z 
Ui 
X 
0 
0 
< 
• 
1 
> » • 
0 
' CMI 
j - » - l 
!-•-< 
t -# - l 
-
f - » - l 
"" J 
• - • - I 
f - » - l 
t -» - l 
(-•-1 
( - • - 1 
-
1 1 
tTi (SI , 
r ^ 
9 
! / • ) 
o 
2 
0 
a 
3 
9*J Z 
O 
1-
z 
ID 
o u 
2 6 
0 
> 
ct 
LP ^ 
> 
2 
N 
O 
b 
• 
(fl 
Z 
II 
2 
b 
0 
UJ 
O 
z 
a 
Ul 
Q 
> 
Ul 
Z 
••' L • V.JT 3 
I »-»^  
1 
1 "^^^ 
A i r » • • 
I 
1 
1 
1 
2 1 
Ul 1 
< oc 1 
bU ^ 1 -~ 
u t 2 1 
a H " 1 
3 rt Z | 0 1 
• B^ O 1 
'•' 1 •• 
1 N 
1 N 
1 1 1 
in ^ io {« 
, • * ' - . ^ 
0 
9 
N 
• 
2 
»n 
0 
«n 
z 
0 
Z 
6 
2 
ut 
O 
0 
z 
6 u. 
0 
> 
Ul 
U7 Z 
0 UJ 
6 
^ 
2 
N 
0 
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r«tiot for the8« thre* oases, the ootibrihitioit ypte y -^^ Z iMMti-eas was tskon ^ 
liibo aeooui^ ?cr tho ecargy renii^ ^ fron 24 kaV to 350 keT and i'or •»»rgl*a grvater 
than 350 keljSndues upto 1 - 4 v«r« tsk«n izto aoooudbs. At tfaeEcael aaarglda* 
17 / 
ealoulatlont wsra done bgr tskixis ^(»p9ung molflaa i^ia , J •=- I t i / S . The v i^iltt* 
of (TV (for 'V '- 5) ealoulated by ttfcing J ». I-^ V * *• cdoso to th« vidua af 
O.^ at other eBargies, This alM givaa iBdioatioBa that the ooBpoux»l wclaaa 
ai^in for thafia three ease* la Z -y- i / t and »eft X • 1/t* Talaa of loTal denatby 
panaiafter ( OV^  ) obtalnsd by oompariog the e:{peri»erfbal valua of iwnario oreas-
aeotioB ratloc with the tbeor«tioally oaloulatad ratloa, are plettad 1B figs* 2, ^ 
a&d 4 aa a funobioa of tbs ineideOb aoutress <?tiergy» Frca tbeaa figurea i t la aeaa 
that for Br'" , (^^^ varina lilaid,y-with the eneri^ of iBeidexib sieutroxia lAi l* 
l a t h e oaee of Bh^^^ %-ad Ix?-^^ , (J\^ la neaHy saB« at all the euergiea , froa 
themal to fewMeV; It la olear frao these figures that f\^  has a mtill 
•nargy dapexuleisoe* 
From equation (4) i t i s seen that at theraal enargiea ^ -> 4.79 
a»d at S MeT "^ '- 5,76 for Br*^ ® , hut we have taikea '^ =- 5 at all the enargiea. 
At 2.6 Me7 the value of (X.- has beea ealoulatad for i3 -^  6 , whidi la also 
ahewa in f ig . 2* Thla value of (\^ i s laearly the ease aa for -^  :•&• ^his 
shows that st higher eroitation energy the ettodb of "U on <^ i s rtry snail* 
We have therefore talrea one -value of '^ at all tha energies in all theae three 
oases* 
Baoso et al have oeloalated the value of (N^  at dirfaratft exiergiss 
in the ease of Br'^ *^ Using the ir experirrteatal -value of'^-^/^•T we have also 
ealoulatad the vslud of 0^ which i s differsub tro^ their values. These -ralues of 
OV ar« alto shci^ B iri f%. 2* The wsin reasea of t h i s dlfferonee i s probably 
due to the fset that they hnve t ^ ^ a old values af the traeaii^sloa ooefftoieafcs* 
Also i t la not asatiened upto n^at -T^ue cf il they he-ve tahea iato eeoourib. l a 
the presold oal sulatioaa the valuea of traasmlssloa eoeffleleiibs, f£ were oalailatad 
frost the tahl® of Moldaaer''*. 
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&ioao €* A^ hmre o«loal«t«d th« Tslttt of G\^tor *^® tram 
th« ezprastioB 
S 
(5) 
I B t h l f •iq^r«s«ioii ' • ' i s ths p«ra9«t«r as d»fland prevl^Ay and T ic th« 
mdl««r t«a|>9rctur« of th« rtaickial zuodaat. f be 7«ltt« of (f\^  i^ }r Br^ ^ from 
th« aboTt axpraaiioa oonaa oiit to b« 4 aa eAoultftad by Baoso «b a l ^ . Taking 
th ia -f!iaue of ^ «• hava ssan aoargy dapaadanoa of tha • a l t i p l l o l t y , u a i ^ 
thalr raaulta. l a f ig . S la plottad tha qiproxlaatadfaltta ef aaltiplloifey 
varana aaai^y for (A.'-4 obtalaad froa tha raaalta of laew at al« Tha l l a a 
•heira in tha aana flgara i s «lBa t« aq. ( 4 ) . ta thia figure tha P^^'ti^^j^sUmi 
trm tha rsMlts of Ba oso Altai show a gaiwral tandaaoy of daoraaaia^ ngtiig^ ^^ p^ 'i^ -^fey 
wUsh tha iaoraaaiag onargyi, i^ieh i s probalfty aot poasihla. I t ^ ^ , ^ , ^^kgk 
tha axparisadbal polabs aro coatt«rad about the l l aa obta^^^ f^^^ ^^ ^^ ^^  
Thia ahevs that "V i s latw a alow Taryiag fUaofc^n of oaargy. 
Wt wish to thaak Profa§m>r fiais i)m9d^ tor his ooablaaad ii*arast 
la thia walk* 
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